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. PREFACE. 

The following Treatise— fonning part o£ Chambers's Educa- 
tional Course — is intended to present an outline of an inte- 
resting, but as jet imp^ectly investigated, Sci^ce— -that which 
refers to the Economy of Plants. In vegetables, though the organs 
be of simple structure, the mode in which these perform their 
functions is so obscure, that Physiologists have been able to 
ascertain only a few of their more obvious operations. Besides, 
Vegetable Physiology, as this branch of knowledge is techni- 
cally entitled, is of comparatively recent origin— it bdng scarcely 
half a century since the vital actions of plants became the sub- 
ject of actual experiment ; earlier botanists contentmg themselves 
with vague analogies, drawn from the more apparent Amotions of 
Animal Organisation. In this imperfect but progressive state of 
the science, all that is aimed at in the subsequent pages is to 
convey to the learner an idea of the General Structure and Func- 
tions of Plants — ^their various Organs, and the Terms by which 
these are respectively distinguished— their modes of Growth and 
Beproduction— their Geographical Distribution — and their exten- 
sive Utility in the Scheme of Creation. In doing so, we have 
endeavoured to avoid technicalities as much as is consistent with 
accuracy, and to present, in a familiar manner, only the principal 
facts admitted by modem botanists, in order that the Treatise 
might answer the end intended— ^namely, for Use in Schools, and 
for Private Instruction. 

The Classification and Description of Plants, having reference 
more to individual types and resemblances than to the general 
principles of Vegetation, are reserved as the subject of another 
volume, under the title of Systematic Botany. 



Edinburgh, January 1844. 
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VEGETABLE PHYSIOLOGY. 



GENERAL ECONOMY OF VEGETATION. 

NATUBE AND FUNCTIONS OP PLANTS. 

1. Vegetable Physiology is that department of natural 
science which explains the organisation and vital functions of 
plants. 

. 2. Plants, animals, and minerals, are all formed by the 
chemical combination of certain elements. In minerals these 
elements combine by the force of chemical affinitjr only, but 
in plants and animals they are held in combination by vital 
action. 

3. Vitality enables plants and animals to absorb and assi- 
milate food, consisting of the elements necessary for their 
increase, and also to reproduce beings of their own kind, by 
means of certain organs : hence they are said to be organised, 
and the substances of which they are composed are known 
by the general name of organic matter. Minerals not possessing 
vitality have no organs, and consist only of inorganic matter, 

4. Animals feed partly on other animals, and partly on 
plants ; and plants feed partly on organic matter when decom- 
posed, and partly on inorganic. Thus minerals, by the beautiful 
economy of nature, contribute towards the support of animals 
through the medium of plants. 

6. The elements of wnich organised bodies are composed, 
separate or decompose as soon as life has Hed, being attracted 
to other bodies by the force of chemical affinity. 

6. The simplest forms of life are observable m certain plants 
and animals, whose economy is limited to the absorption and 
assimilation of nutriment, and the power of reproduction ; 
and the difference between these inferior plants and animals 
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8 Ir^QEIABLE THTSLOUOer. 

Is SO trifling, that in them the animal and y^petable king- 
doms seem to pass into each other. Thus, certain tribes of 
zoophytes, and some kinds of algc, or sea- weed, are so yeiy 
nearly allied both in appearance and habits, that thej can 
scarcely be distinguished from each other scientifically ; and, 
indeed, the same object has been occasionally daased as a 
plant by one naturalist, and as an Animal by another. 

7. The Mdentific dijfereneet between plants and animals are 
difficolt to define, whoi they are to be applied to all plants 
and to all animals. Few piants possess the power of loco- 
motion; but the aquatic plant called the fr^sh- water sailor 
detaches itself from the mud in which it grows originally, 
and rises to the sorfiice of the water to expand its flowers. 
Plants are propagated by division, which most animals are not ; 
but the polypes of the coral reef grow united like the buds of 
a plant clustering round a common stem from which they 
receive their nutriment, and, when separated, become ea^ 
perfect individuals. Plants are said to have no stomach ; but 
the lobe-like leaves of Yenus's fly-trap possess the power of 
digesting the flies they catch ; and though plants are said to 
be without feeling, the leares of the sensitive plant shrink 
from, the slightest touch. In like manner the pith of young 
trees and drubs has been compared to the q>inal marrow 
of animals; the upward current of the sap in spring, and 
its descent in summer or autumn, to the circulation of the 
blood ; and the exhalation of oxygen and absorption of car- 
bonic acid gas in the leaves, to respiration ; but beyond a fiiint 
analogy there is nothing like identity between the respective 
functions of plants and MimiA^Ig, Indeed, all the vital func- 
tions of plants are performed in a maimer different from those 
of animals; the instances of locomotion, sensitiveness, and 
power of digestion in plants, being very rare and imp^ect, 
while the power of propagating by division in ATiimab Is 
equally so. 

8. Plants derive their food partly from the soil, and partly 
frnom the air ; and whatever they take must either be reduced 
to a liquid, or to a gaseous state. The elements of which plants 
are competed are, Carixm, Oxygen, Hydrogen, and Nitrogen. 
Of these. Carbon, which is a soUd substance, is the principal ; 
and, as it b insoluble in water, it must be combined with 
oxygen, so as to form carbonic acid gas, before it can be taken 
up by plants. Oxygm is the next in abundance, and it is 
anaoihed principally when combined with nitrogen, in the 
fiirm of atmospheric air. Hydrogen is not found in a free 
state in the atmo^here, and therefore it can only be taken 
op by plants when combined with oxygen, in the form of 
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Ni-TURE A2a> FUNCnOMS OF PIJLNTS. 9 

water, or with nitrogen, as ammonia, in which last form it 
oxists in animal manure. Nitrogen, though found in ver^ 
small quantities in plants, is a most important element, as it 
forms the principal mgredient in the gluten^ which is the most 
nutritive part of corn and other seeds, and which is essential 
to the germination and first nourishment of young seedling 
plants. Nitrogen also appears to he a principal agent in the 
production of colour in ieayes and flowers, especially when 
they first expand. 

9. As oxygen is imbibed by plants in combination with aU 
the other d&ments of which they are composed^ it is not sur- 
prising that the plant takes up more of this gas than it 
requires ; and, consequently, it has heen furnished with a re- 
markahle apparatus m the leaves, to enahle it to decompose 
the carhonic acid, and other gases which it has ahsorhed, and 
to part with the superfluous oxygen. Plants are thus found 
to improve the air by the removed of carhonic acid, which is 
iniurious to animal life, and hy the restoration of oxygen, 
wnich is favourahle to it ; and so to maintain a necessary equi- 
lihrium in the atmosphere, as animals are continually ahsorh- 
ing oxygen, and giving out carhonic acid. In hot swampy 
countries, however, where vegetation is extremely rapid, and 
the soil surcharged with decaying vegetable matter, plants 
absorb more carbonic acid than they want, and give out the 
superfluity through their leaves; and hence, warm moist 
climates, such as those of some of the West India islands^ 
though extremelpr favourable to vegetation, are equally inju- 
rious to human life. 

10. Light being essential to the decomposition of carbonic acid 
gas in the leaves, oxygen is not exhaled by plants duriog the 
night ; but, on the contrary, a small quantity of carbonic acid 
gas escapes, and oxygen is absorbea. These processes have 
Been called the respiration of plants ; but they are very diffe- 
rent from the respiration of animals, the first being mecha- 
nical, and the second chemical, and both totalli^ unconnected 
with the assimilation of food. When the soil abounds in 
carbonic acid gas and in moisture, the roots of a plant must 
continue constantly absorbing that moisture mixed with the 
carbonic acid; and this carbonic. acid rising to the leaves, 
esc-apes in its original state when there is no light to decom- 
pose it. The absorption of oxygen is a chemical jjrocess, which 
appears to go on whenever the process of assimilation has 
ceased — ^in dead plants as well as in living ones. When leaves 
have ceased to act in decomposing carbonic acid, and assimi- 
lating or fixing the carbon in autumn, oxygen is absorbed so 
rapidly as to change their colour to some sb^de of red ; fruity 
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whffli folly swdled, ceases to sBimflate cariKm, and beeomev 
intensel J add bj the abeoqitkm of oxygoi ; aiid, finidfy, the 
decay of all Y^ietable texture is hastened by the absoiptkm of 
the same ekment. Thus, as the assbnilatMm of caib<m ceases 
duiii^ the ii^lit^ oxygen is absorbed at that period in qnaii- 
tities that vary according to the natnie of the plant ; those 
plants which have add, or highly-flaTonred juices, absorbing 
most. Thus, liebig teUs ns that the tastdeas leares of the 
American aloe, if kept in the dark twenty-foor hours, absorb 
only 0'3 of iheir Tolume of oxygen in that time ; whQe the 
leaves of the ^ruce fir, which omtain Tolatile and resinous 
oOs, absorb ten times, those of the common oak, which abound 
in tannin, fourteen times, and those of the balsam poplar, 
twenty-one times as much. The chemical action of oxygen 
on T^etation is strikingly exemplified in the leaves of a 
spedes of nayd-wort, which are add in the morning, taste- 
less at nomi, and bitter at n%fat. The add is caused by the 
accumulation of oxygen during the night, the insipidity by 
the mixture of the oxygen vnth hydrogen, and the bitter 
flavour by an excess of hydrogen. 

11. Plants are of important service in Ae general economy 
of nature, as weU as of direct advantage to the arts and 
scioices. The quantity of carbonic add which ihey are con- 
tinually absorbing &om the atmosphere during the day, serves 
to purify it h%mL the immfaise quantity of carbon coiustaiitly 
disraigaged &om the hmgs of hum^m beings and the lower 
animals, and &om the combustion of fuel ; while the oxygrai 
with which the carbon was combined, is restored, to be ^ain 
employed. Plants also act as the medium through which 
inorganic matter is made to contribute to the support of 
Miimal life; while they invest the landscape at once with 
beauty and amenity, by the variety of their hues and the 
fihdter of their foHa^. 



iffiTEUH'ifEyr jl5i> gbowih or vLksa&y is P SfrnjuMw r os 
Aia, HEAS^ M oisrra^ u^n^ axd son. 

12. The devehpmertt of vegetable life depends upon the con- 
eunence of certain agents, the princ^al c^ which are— toti^ 
otr, moisture, Ught, and soil, 

13. Ab seed can germinate without the omcurrence of tiie 
three agents of heat, air, and moisture ; but in the grovA of 
plants, the agency of soil and light b also n ece s sary . 

14. Everg perfect seed contains the germ or embrgo of o new 
«i&iA< of the same kind as the paren^ and a portion of con- 
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DBTELOFMBNT AND GROWTH OF PLANTS. II 

centrated carbon and nitrogen, in the form of starch and 
gluten, laid up to serve as nutriment for the young plant, till 
its org^uis are sufficiently developed to enable it to seek food 
for it^lf. The seed is generally enveloped in a hardened case, 
in order to preserve it in an inert state as long as may be 
necessary. 

15. As soon as a seed is put into the ground^ it is acted upon 
by the influence of heat and moisture, which distend its par- 
ticles, and make them burst the integument that envelopesr 
them. The agency of the air is next required to combme 
with the store of nutriment laid up in the seed, and to fit it 
for the purposes of vegetation. 

16. The first organ which expands in the embryo of a young 
plant is the root ; and nature has provided a small opening in 
the covering of a seed, towards which the point of the root is 
always turned, in order that it may be protruded without 
injuring its soft and delicate texture. The root takes up water 
and air, and transmits the liquid thus formed to the seed leaves, 
in which it is exposed to the influence of light. 

17. The nutritive substances laid up in the seed become auite 
changed during the process of germination. The starch, wiiich 
is insoluble in water, is rendered soluble by the action of a 
peculiar substance called diastase, derived from the gluten. 
This substance has so powerful an eflect upon the starch as to 
render it instantly soluble in the sap, and thus the nutriment 
is gradually prepared for the use of the infant plant. As the 
sap ascends it becomes sweet ; the starch is changed into sugar, 
and this sugar, again, into woody fibre as the tip of the plant 
emerges into light. When the store of starch and gluten has 
been exhausted, the plant is able to live by its own assimi- 
lating powers, at the expense of the air and the soil. 

18. Heat, though essential to germination, is injurious, un- 
less it be combined with moisture. A high degree of dry 
heat will parch seeds, and destroy their vitality ; and hence> 
when they are to be kept for food, it is not unusual to 
dry them in an oven, to prevent them from germ4natin^» 
When combined with moisture, a very high temperature is 
not injurious to vegetation ; and, indeed, some kinds of mosa 
have been found growing near hot springs in Cochin China, 
where they must have vegetated in a heat equal to 186 
degrees ; on the other hand, in cold climates, mosses, some 
kinds of grass, and chickweed, are found to vegetate at 35 
degrees, or even only just above the freezing point. Warmth 
is not only necessary for the germination of the seed, but also 
for the growth and after- development of the plant. The 
sap will not rise without a certain degree of heat ; and it is 
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wdl kDown thai frort stops its caneni. Cold wOl also check 
the derekpment of tiie flowers and finiit^ and eren of the 
leaTeSy and will pferent the full flaTOor beii^ attained hr 
the ^wL The sedetirais of plants are diminnhed by cola. 
The fruit of the walnut and the beech prodoce oQ in the 
sooth of Eon^e^ which it will not do in Kitain; and the 
leores of the mnlbeny grown in this coontzy will not affocd 
the same quantity of caontchoac to the sflkwonn as in Fiaiioe 
and Italy. 

19. MoUture mnst be combined with heat and air to render 
it naefol to T^etation. An excess of moisture witho«it heat, 
and combined with air, induces decay in seeds^ instead of 
exciting them to genninate ; and an excess of moisture is 
injonons even to ^wii^ plants^ as it destroys the delicate 
tiasae of the rooi^;ioles of their roots.. Whoi trees are grown 
in situations where they haTe abundance of heat and moisture, 
but where the roots are beyond the reach of air, they hare 
a tendency to produce leayes instead of fruit and seeds^ and 
an their secretions are weakoied. On the other hand, too little 
moisture prerents the leares and fruit frran attaining their 
proper size and form. A sudden dq>TiYation of moistuie 
causes the leares to droop and the fruit to fall off. 

20. Air is essential both to the genninatkm of the seed and 
the derelopment of the plant. W iUumt oxygen from the 
atmookhere, the carbon laid up in the seed cannot be made 
BTail^le £[>r the use of the infant plant, as carbcm in its con- 
centrated state is insoluble in water, and requires to be com^ 
bined with oxyeen to convert it into carbonic add gas^ hefctxe 
it can be ab6ori)ed by the ressels. In like manner, air is 
essential through all the processes of Tegetatitm; no wood 
can be £ormed^ no seed rip^ied, and no secretions produced, 
without abundance of carbon ; and this cannot enter the plant, 
eren from the soil, without a constant supply of oxygoi from 
the air. The greater part of the carbcm in plants is indeed 
derired directly from the air by the leaTes^ in the shape of 
carbonic acid gas — a minute quantity of which is always found 
in combination with the atmosphere. 

21. Light is not required for the germination of seeds, but 
it is esRential to the derelopment of plants, as it occasions the 
decomposition of the carbonic acid contamed in the Teasels of 
an the parts exposed to its influence ; without which the 
plant could not aasimilate the carbon to its own use. Colour 
also appears to depend partly on light. Plants grown in 
darkness are most deficient in colours which contain blue. 
The leaves and other parts, which ^ould be green, are fre- 
quently reddish, from me retention of oxygen, or yellowish. 
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DETELOFMENT AND GBOWTH OF PLANTS. 13 

from the saperabnndance of nitrogen, whUe the flowers and 
fruit are whitish* Frequently, the whole plant is whitish, in 
which case it is said to be etiolated, or blancned. 

22. The 8oU serves not only as a bed for plants to grow 
in, but also contributes to their nourishment. In addition 
to the elements of which they are principally composed, 
there is always found in their substance a small quantity 
of inorganic matter, which differs according to the nature of 
the phmt^ and which apjjears to be derived solely from the 
soil. The proportion which this matter bears to the whole 
will be found by burning part of the plant in the open air ; 
when the inorganic matter, being indestructible by nre, will 
be left in the form of ashes. Soils are of various Idnds, and 
they are produced principally by pulverised particles of rocks, 
being disengaged by the action of heat, air, and water, and 
mixed with decaying animal and vegetable substances. 

23. There are four primitive earths, called clay, sand, lime, 
and magnesia J the fiiBt three of which are foimd more or less 
in almost every soil, and generally with only a very small 
proportion of the latter. Clay, which is also called alumina, 
or argillaceous earth, or earth of alum, predominates in some 
soils, and these are generally unfertUe ; as the particles of 
clay are too adhesive to idlow the free passage of either air 
or water to the roots of plants. A soil of this kind also 
offers obstacles to the expansion of fibrous roots ; and when it 
admits water, it retams it so long as to be injurious. Sand, 
which is also called sUex, silicay or siliceous earth, consists, 
on the other hand, of particles which have generally too little 
adhesion to each other ; and it is injurious to plants, partly 
from its incapability of retaining sufficient water for their 
nourishment, and partly because it admits too much solar 
heat to their roots. When the particles of sand adhere to 
each other, thej form sandstone, or some other mineral sub- 
stance equally impenetrable by roots. Lime is never found in 
apure state in nature, but always combined with some acid. 
The common carbonate of Ume or limestone is of no use in 
vepfetation till it has been l^imed — ^that is, till the carbonic 
acid, water, and other matters it may contain, have been driven 
off by heat. In this state it is called caustic lime, and is used 
as a manure, as it has a great affinity for carbonic acid, which 
it is continually drawing into the soil from the atmosphere 
or other sources. Chalk, or the earthy carbonate of lime, is 
well adapted for vegetation, but it is generally cold, as, fiim 
its whiteness, it reflects the solar rays instead of absorbing 
them. Magnesia is very similar to lime, but hs less abundant. 
It generally occurs in combination with limi^ in what is called 
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B M gpcaMn limerfone, NotwiUistaiidiiig the wbitenes of chalky 
calcarecHis amis — that is, aofls eontainin^ aome form of lime — 
are gcnenD J Uadc, fimn the qnantifty of Tcgi^aUe matter 
which thej eontain in jm^ortion to the depiui of the aoiL 
An amb containing m great proporti on of decayed Timetable 
matter are Uack ; and black amis, thongh generaH j wann, 
from the power ther poaseas of aheorbini? solar beat^ are 
aeldom prodnctiTe, imles they be diy. lliiiSy black peat, 
or bog ettth, whidi is most, is miprodoctiTey while heath 
mould, mixed with sand, which is dnr, is veiy naefbl for man j 
kinds of crops, llie reason is, that decayed Tcgetable matter, 
or kutmus, is inscdoble in wato; and conseqneotly cannot be 
taken np by plants until the carbon it contains is combined 
with oxygen, so as to form carbonic add gas, which it can 
only do Vnien the hnmns is kept sofficiently diy to allow of 
its particles being exposed to the free action of the air. 

24. It wuut be Aserceij Aat no mii tmmsU of anff one of 
Ae primutice eariks alome^ and that most boQs contain all of 
them combined in diflfinent propoitions, and mixed with otha 
ingredients. These are aaline particles of Tarioas kinds, potash, 
soda, and otho' alkalies, iron, and seTcral other miiwrals, in 
combination with the d ifferent acids — all of which are desig- 
nated, whoi qieaking of the food of plants, by the graienl 
name of tAor^oJiie matter. 

25. Piamtt rtqmm difieraU kinds of inorganic matter, ac- 
cording to tkeir nature, and appear to possess the power 
of selection, as they mdy take the kind they need, thongfa 
it may foon bnt a Tery small portion of the ami in which 
they grow. Thns, it is erident that any particolar cn^ 
must in time eidianst the soil in which it grows of thie 
requisite inoiganic matters, unless they should be r en e wed 
by the addition of what are called mineral manures ; and it 
is also dear that crops requim^ another kind of earth, m^ 
succeed in the same soil, after it has become unproductive 
for the first kind of crop. This, according to modern doe- 
tziDcs, explains the necessity which is known to exist for 
what is called Ae rotation of crd^ — that is, for lettii^ crops 
iA a diflferent nature succeed cadi other in fields and gar- 
dens. The necessity for this rotation was supposed by De 
GandiAe and othen to arise from plants poomiing the soil 
with the excremoititions matta* which they woe supposed 
to eject by their roots; but while this hypodiesis was be- 
liered, it appeared difficult to account finr the welMoiown 
fret, that tm same crops may be grown perfectly well in any 
aoil for an indefinite numbo' of yean, provided that soQ be 
freq[uently and propeily manured — that ia^ snppBed afredi 
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with the ingredients of which it has been exhausted by the 
plants. 

26. Nature^ when unassisted^ invariably changes the crops 
of plants whenever occasion for such a change occurs ; and if 
a forest of North America should be accidentally burned down, 
trees of quite a different nature are sure to spring up in the 
room of ihose that have been destroyed. These changes are 
effected in various ways. Many seeds are furnished with 
downy wings, on which the wind bears them far away from 
their parent plant ; and other seeds burst from their seed- 
pjuigwith such elasticity, as to be scattered to a considerable 
distance. Suckers from under -ground stems, •and runners 
of various kinds, are other means by which plants are enabled 
to obtain nourishment from fresh soils when they liave ex- 
hausted that in which they originally grew ; and nature has 
afforded similar powers to even the largest forest trees, by 
enabling them to elongate their roots to any extent that may 
be required. 

27. Plants do discharge matter from their roots, but it is 
generally of the same nature as the peculiar secretions of the 
plant ; as, for example, the matter exuded by the roots of the 
poppy has the properties of opium, that from the oak tannin, 
«c. The excretory matter is thus evidently part of the ela- 
borated or most perfect kind of sap. 

TERM OF VEGETABLE EXISTENCE. 

28. The longevity of plants differs according to their nature, 
and the circumstances in which they are placed. 

29. Herbaceous plants, the stems of which are succulent, 
and full of juice, are divided into three kinds, according to 
the term of their existence ; namely, annuals, which grow 
only one season, and die as soon as they have ripened their 
4ieeas; biennials, which generally last only two years; and 
perennials, which last several years. To these, practical hor- 
ticulturists sometimes add a fourth kind, consisting of such 
as last three or four vears, but no longer, and which have 
no distinctive name, though they are generally classed with 
biennials. 

30. Trees and shrubs, which have ligneous, or woody stems, 
are destined to remain undecayed for years. Shrubs are those 
ligneous plants which have several stems springing from the 
fiame root, all nearly of the same thickness. They seldom 
last above thirty or forty years, and frequently not half ttiat 
time; but trees which have only one stem or trunk pro- 
ceeding from the root to a consideiible height before it divides 
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into branehesy genenll j endme for a loi^ period of time — in 
sereial instances eren for centmies. 

31. The lemgik qf time wkUk treee Uce depends in a great 
measDie <m the sitoaticMis in which thej grow. If a tree 
"w^iich is a native of nHmntains be placed in a TaOey, it grons 
more rapidly, hut the torn of its existaioe is shoijened, and 
its timber becomes softer and of less Talne. In like manner, 
if the tree of a Talley be grown on a mountain, the term of 
its existence is lengthened, and its trunk, though of slow 
nowth and small dimensioiis, produces timber remarkable 
toft its toughness and durabiliiy ; as, finr example^ the High- 
landoak. 

32. Hke age of treee was farmerhf caJeuUtted by their dia- 
meter, or by the number of their concentric circles ; but both 
these modes are now found to be fallacions. According to the 
first, it was supposed that if a tree attained the diameter of 
a foot in fifty yean^ fifty years should be counted fi»r ereiy 
foot it measured in diameter ; and thus it was supposed ihit 
the great baobab tree, finmd by Adanson on the banks of the 
Soiegal, which measured neazfy thirty feet in diameter, must 
hare been about six thousand years old, or coeval with the 
world itsell It is now found, howerer, that the baobab, like 
all soft-wooded trees, grows rapidly, and attains an enormous 
diameter in less than a hundred years. The mode of counting 
by concentric circles only applies to exogenous trees, and er&k 
with them is reiy uncertain. A warm iPiing, which sets tiie 
sap early in motkoi, followed by weather cold enough to 
dieck Tcgetatifm, will gire the appearance of two layers in 
one year, as the recommencement of Tcgetation will hare the 
aame ^ipeazance as a new layer in ^ring. In many trees^ 
such as the oak, for example, a seccmd growth <rften takes 
place after midaninmer ; so that even a third layer is ooca- 
skmaDy formed in the course ai six months. Oii the other 
hand, a nunst warm winter, by keepii^ the tree growmg 
tiie whole year without any check to -r^etation, wul gire 
the appearance of only one layer to the growth of two 
years. Notwithstanding these anomalies, practical moi find 
oonntii^ the c<mcaitrie circles of a toee the best mode 
which has yet been discoTered of ascertaining its age, as in 
oidinaiy cases only one growth is made in uie course ai a 
year. 

331 The mahtrai deemf and dea^cfplante sppeat to fiJkw 
the same laws as the natural decay and death of animaK 
When a tree approaches the term of its existence, the s^ 
flows more feebly through its Tessels, and it is no koger pro- 
pdkd thioogh ereiy part. As this takes place, the parts no 
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longer visited hj the sap die ; and as soon as life lias fled, tlie 
opposition principle of chemical affinity begins to act, and the 
rarious elements that composed the plant fly oflF, to combine 
with other elements, so as to form new substances. This is 
the natural process which takes place invariably with every 
organised being ; the fall of the leaf, and the dropping of the 
ripe fruit, are but the death of both when fulljr matured; 
and in the like manner death is followed in both instances by 
its natural attendant, decomposition. 



SIMPLE OR ELEMENTARY ORGANS. 

34. The Organs with which both plants and animals are 
gifted to enable them to carry on the jfunctions of life, are of 
two kinds ; namely, simple organs, such as the flesh of ani- 
mals, and the ceUular tissue of plants ; and compound organs^ 
such as the leaves of plants, and the limbs of animals — ^the 
latter alwavs consisting of certain arrangements or combi- 
nations of tne former. 

35. The principal substance of which plants are composed m 
known by the general name of tissue ; but of this there are 
three distinct kinds, distinguished as cellular^ woody, and vas- 
cular, which have been compared to the flesh, bones, and 
veins of animals. These principal tissues are occasionally sub- 
divided into varieties on account of some minor distinctions, 
such as vascular tissue, which may be either vascular proper, 
pitted, or lactiferous. 

CELLI7LAR TISStTE* 

36. CeUular tissue is the fleshy or succulent part of plants, 
of which familiar examples may be given in the pulp of leaves 
and fruits. It consists of a great number of cells of irregular 
is^pe, which adhere together, sometimes quite loosely, as in 
the pulp of an over-ripe orange ; and at other times — as, for 
example, in the cuticle or outer skin — so closely, as to seem to 
fcnrm a homogenebus mass, unless examined by a powerful 
microscope. Formerly, indeed, it was supposed that an ex- 
tremely thin membrane was spread over the external surface 
of some plants ; but it is now found that what was supposed 
an extraneous membrane, is in fact only a more condensed 
form of cellular tissue. 

37. Each cell of cellular tissue consists of a small bag or 
bladder, filled apparently with liquid ; but intermixed with 
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Has liquid, wliich oonosiB of h jdiogcn and oxygen neaii j in 
tlie same proportions as in water, there are some grains of 
starch and some of oolooiii^ matter^ sonoonded hjr a few 
paitides of gluten. The starch, which has heoi compared to 
the £it of animaLs ccMisists pnndpallj of carbon; and the 
gloten of nitrogen. Occaskxiallj, small ciystals arefeond 
in the Tesicles of ceQnlar tissae, which, what the j are needle- 
dumed, are called rapkida; sometimes, however, they are of 
a rtomhoid, at other times of a prismatic form. They con- 
sist of inoiganic matter, generally of some acid and its hase^ 
which, from the feeble state of the assimihiting powers, have 
united and crystallised, iwAfnA of passing in a separate state 
through the Teasels of the plant, to aasimflate witn the pecu- 
liar secretions. Some cells are oitirely filled with theaa 
crystals, and othos are entirely without than. The cells of 
ti^ epidennis, instead of liquid, contain only air. 

38. The edU rfcdlukar tissue vary eery nmtk hoA in size ami 
skape. They generally, howerer, present the appearance of a 
honeycomb when sectkms are cut of the pulp of the leayea^ 
pith, or fruit (see fig. 1) ; but in sections of tl^ hark and sap- 
wood, they take a paralldogram form, and resonble the bricks 
4»fawadl(seefig. 2). The cells are goierally small when they 



'Vig.V—CdbaMrTimat Fi^. 9L— XnriteiD Celliilar 

in a Leaf. Tiaoe in Wood or Buk. 

mre fint finmed, but they increase in size as they become 
older. Thua^ in the cellular tissue of a leid^ the cdls are at 
first Tery small, but as fresh cells are fismed dose to the 
reins, tbe cells towards the margin of the leaf dilate ; and a 
similar process takes place in ereiy part of the pluit, the 
newly tonned tissue always oonsiking oi cellules, which 
enlarge as they get older. 

d9. /« the pulp ofkaces amd fruity and in the cellular tissue 
of the bark, there are frequently carities fiHmd anftmg the 
ceDa, which are of sereral kinds. Those called reD^iades ^ 
secretion are fonned for the reception of the oib and other 
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fluids secreted by plants ; as, for example, the fragrant oil 
in the myrtle and the orange, and the turpentine in the 
Pistachia and in the pine and Sr tribe. Other similar cavities, 
called air cells^ contain oxygen nearly in a pure state ; and 
others, which are called intercellular passages^ are genei'ally 
filled with watery fluid, and communicate with the open au* 
by means of pores in the epidermis. All these cavities have 
no distinct membrane to inclose them, but are surrounded by 
what may be called a wall of small cells, which form part of 
the cellular tissue. The shape and size of these cavities vary 
exceedingly ; the receptacles of secretion, and the air cells, are 
generally larger than the common cells, but tlie intercellular 
passages in very dry plants are "so small as to be scarcely per- 
ceptible ; though in succulent plants — as, for example, in the 
stem of the garden Nasturtium — ^they are nearly as large as 
the cells. 

40. Cellular tissue readily decays when the parts composed 
of it fall from the tree. The carbon it contains is libe- 
rated so soon as the vital force by which it was retained has 

, fled, and escapes with the oxygen in the form of carbonic 
acid gas ; whilst the hydrogen, which then forms its prin- 
cipal remaining element, attracts fresh oxygen from the 
atmosphere, and, becoming thus changed into water, rapidly 
melts away, leaving the inorganic portion to mix with the soil. 
In leaves, the pulpy paiis disappear first, leaving behind the 
outer cuticle and the nerves or veins, which are of firmer 
texture ; the latter, indeed, being composed principally of 
woody fibre, the tubes of which have been filled with earthy 
matter during the process of vegetation, decay very slowly, 
A beautiful preparation may be made by soaring, or mace- 
rating, as it is called, leaves in shallow stagnant water, 
so as to leave them partially exposed to the influence of 
the air; thus treated, the cellular tissue will soon disap- 
pear, and the veins will present the appearance of the finest 
lace. 

41. Those parts of a plant which nature seems to have intended 
not to be of long duration, such as the fleshy parts of the 
leaves, the flowers, and the fruit, are composea entirehr of 
cellular tissue of very loose texture. In the stones of firuit, 
however, which are also composed of cellular tissue, a portion 
of earthy matter is deposited, which partially lines the cells, 
and gives them a temporary firmness, without destroying 
their facility of decay ; so that the seeds contained in them 
may be preserved as long as they are kept in a dry state, and 
yet liberated so soon as they are placed m a situation favour- 
able for germination. 
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42. Wo9djf tissue consisto of bundles of extzemd v fine 
c^^mdncal oeUs, tapering at both &ids, and of great knglk 




and toughness (see fig. 3). These bundles ha^e so much the 
appeazance of fibres, that their true nature was not suspected 
hy the older botanists; and it was supposed that they re- 
tained their fibrous appearance eren wiien subjected to the 
most minute dirision. It is now firand, however, that the 
fibres of woody tissue cannot be divided bej<md a certain 
point, and that, though the j may be made so smaQ as to take 
seven or eight of them to equal the thirkneas of a fine hai^ 
each of these exceedingly slender fibres is in &ct a hollow 
tube tajpering at both ends, and adhering to other hollow 
tubes of a similar nature, as shown in fig. 4. The tubes of 
woody fibre, when young, serve as channels fi>r the passage 



Fig. 4^— Sins^ Fibre of Woodj 

of the ascending sap ; but afterwards they become filled with 
particles of inorganic matter, which give solidity and dura- 
bility to the wood. Woody fibre is found mixed with cel- 
lular tissue in the wood and inn» bark of trees; it also 
forms part of the veins or nerves of leaves ; and in genoal u 
fi>und in aQ organs which require strength, toughness, and 
durability. It resists decay longer than any other kind of 
Timetable tissue. 

VASCCLAM nasuK. 

43. Vascular tissue has heok divided by modem botanists 
into three varieties ; namely, vascular proper, P*^l^ and lac- 
tifercus. Vascular tissue, properly so called, consists of 
cylindrical cells of great delicacy and thinness^ called spiral 
vessds and duets. Spiral vessels consist of hair-like tubes 
coiled round and round in a spiral manner, and inclosed in 
tubes of tranroarent membrane. They are of a light elastic 
nature, and though coiled up naturaDy like a cork-ecrew 
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(see fig. 5), they may be unrolled to a considerable extent. 
If a leaf of the spider wort (Tradescantia), or of any kind of 
bulb, be doubled down first on one side, and then on me othei^ 

^^^W^nmrTTrrriniiiiuimmimmfFnt^v ^ — . 

Fig. 5b— Spiial YesseL 

80 as to break through the outer skin on both sides, and if the 
two pieces of the leaf be then carefully and gently drawn 
asunder, the transparent membrane will break, and the spiral 
yessels will imrol, so as to appear, when seen with the naked 
eye, like fine hairs between tne two portions of the leaf. The 
stalk of a strawberry leaf, a shoot of the dogwood, and the young 
stems and leares of many other plants, will show the great 
extent to which their spiral vessels will unrol, if treated in a 
similar manner ; but in many plants these vessels are too fine 
to be seen without a microscope, or too delicate to bear un- 
rolling. Spiral yessels prevail in leaves and flowers, and are 
found, though more sparingly, in the yotmg green wood of 
trees and shrubs ; but never in the old solid wood, and very 
rarely in the roots, or in the bark. They are very few and 
small in coniferous trees; but they are abundant in palms 
and their allies. In ferns and the club mosses they occur 
occasionally ; but the other cryptogamous plants are entirely 
without them. These vessels are sometimes called air vessels^ 
because their slender spiral tubes are always found fiilled with 
a kind of air, which contains seven or eight times more oxy- 
gen than the common air we breathe. Ducts are cylindrical 
tubes closely resembling those which inclose the lur vessels ; 
only the spiral vessels they contain appear to have been broken 
into rings, or short corkscrew-like curves, whieh sometimes 
cross each other in a reticulated manner. These rings and 
curves are, however, quite different from the true spiral 
vessels, as they have no power of unrol^ng, and appear only 
intended to keep the slender membrane wmch forms the duct 
distended. Similar rings are found in the windpipe of animals, 
which app^ oiao only intended to keep that membrane dis- 
tended. The ducts m plants are always found to contain 
liquid. 

44. Pitted tissue^ sometimes called dot^ dticts^ or vaHform 
tissue^ consists of tubes which, when held up to the light, 
appear full of holes, from the numerous dots in the lining 
of their sides. The mouths of these tubes are very con- 
spicuous in the wood of the rattan when cut across ; they are 
also to be seen in sections of the oak and the vine ; and, in- 
deed, in most other kinds of wood, as well as in the stems 
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of heilnceoiis plants. Bong the channels thxoo^ whkh the 
anmHJwig asp is cooTejed, the dotted ducts are larger than 
the Teasels of the other tiasaes^ and an distinctl jt lisihle m 
many kinds of wood, er&i whoi diy. Mod»n botanists coo- 
sdo- than as belonging to celhdar tiflsney and as consisting 
only of elcMigated c^s placed end to end, and <^iening into 
each other so as to form a kind of tube. The dots are sup- 
posed to be formed by depositifHis of earthy matter, like iwL 
in the ccUolar tissue which forms th*» stones of fmitu^ and 
which botanists call «efeii09ifm. 

45. Laetifenmjf tissme, which is the same as the pn^ier 
▼easels of the older botanists^ consis ts of tubes, which are dis- 
tingniriifid from all other kmds of tisne by hone Inanched. 
They are filled with a mncili^inoos fluid caUed the later, 
whidi is, in fiict, the descending sap, and is full of mune- 
loos small qtecks, like that idiich is the genu of the future 
chickoi in the egg of a hen. These sp^cs are always in 
motion while they ronain in the resaps of the latex, and 
wh«ierer they are deposited, they expand into cells of diiSe- 
resst kinds of tissue. From the latex, abo, is formed gum, 
sugar, tannin, or other secrrtions^ accmding to the nature of 
the plant. The Tessels of the latex are found on. ih^ nndor 
sides of leaTeSy and within the inna bark, which they may 
be said to line: hence the peculiar secr^ioiis of a tree are 
generally stroi^est in the baik, and what are not deposited 
tbeny are in most eases earned down to the root. 

46. Moai kimds 9f tistue may be traced in all the com- 
pound oigans of i^ants^ tlwngli in different pn^Mnliona^ ex- 
cept the Teasels of the late3E, which are only found in the 
under part of the leaTea^ and linii^ the inner snzfoce of the 
libtf, or inner bark. 



CX>MPOUND OBGAX5, AKD THEIS FCXCTKHiSL 

47- Ths ooMTousn osgaks or flasis are oompoaed of aere- 
iml fii the simple mies ; «^ for examj^e, a leaf has woody and 
Tascular tiasue in its Teina^ and ceunlar tissue in its fNilpy 
part ; and in like manner, these demoitary oigans are fou^ 
in the stem, flower, ^nit^ and, in foct« in'erery part of the 
plant. The compound oigans are div^ed into three kinds ; 
namdy, the genml aryojUj whidi are common to erezy part 
of a plant, such as the epiderBus, or skin, and the haiis ; ike 
mrgmu ^ nmirittan, through which the plant takes and d^esfcs 
its food, such as the root» ston, and leaTes; and tke mrgams 
0frq>rodmetiomj which are the floweia, fruity and aeedsL 
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GENERAL OBOANS, AND THEIB FUNCTIONS. 

48. The epidermis, or skin, is a thin membrane, which 
covers every part of a terrestrial plant, except the stigma and 
the spongioles, but which is sometimes entirely or partly 
wanting in plants which live imder water. It is composed of 
a kind of cellular tissue ; but the cells are pressed so closely 
together, as to make it appear homogeneous to the naked eye ; 
and they are filled with air instead of water. The use of the 
epidermis is to retain a sufficiency of moisture in plants ; 
for, should the delicate membrane of which the cells of their 
tissue are composed become so dry as to lose its elasticity, the 
different organs would be unable to perform their proper func- 
tions. On this account, its thickness is curiously adapted to 
the conditions under which a plant grows. In ordinary cases, 
the epidermis consists of two layers, the outer one of which, 
called the cuticle, is extremely thin, and consists of cells* of 
oblong shape and large size, pressed closely together, and 
filled with air ; while the secondary layer is formed of cells 
of a different shape and size, but still closely pressed together. 
In the plants of very hot countries, it consists of three, or 
even four layers, in order that the moisture may be retained, 
notwithstanding the excessive heat and dryness of the climate. 
The oleander being a native of a coimtry subject to hot drying 
winds, has an epidermis which consists of four layers. Those 
plants which have numerous pores, or stomata, in their epi- 
dermis, require watering oftener than others, and are more 
easily affected by the heat of the sun. Thus, we often see 
the leaves of tfie common lilac droop, as though the plant 
were suffering from want of water ; while those of the apple 
or pear tree which grows beside it are perfectly unaffected 
hy the heat — ^the latter tree not having above twenty thou- 
sand pores in the square inch, while tne lilac has one hun- 
dred and sixty thousand in the same space. The epidermis 
of aquatic plants is extremely thin ; and, indeed, it is entirely 
wanting on the under side of floating leaves, as also on the 
stigma of the flower, and on the spongioles of the roots. The 
cuticle, being composed of cells so firmly pressed together 
that it is longer in decomposing than any other part, is 
often found on leaves of which all the pulpy part is decayed. 
While in a healthy state, the epidermis adheres so closely 
to the pulpy part of the leaf, that it cannot be separated 
without laceration of the cells, however easily it may ajppear 
to peel off. 
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49. The stomata are Talve-like openings in the epidenni^ 
niiicn communicate with the 
inteicelfailarpaaBBgeBy and which 
seem intended to legnUte era- 
poration. Sometimes these open- 
m^ are paztiallT closed with 

^hans; and soocnWt and aqua- 
tic plants haTe either no sto- 
mata, or have than so imper- 
fectlr formed, as scarcel j to he 
capable of actkHL, Thej hare 
Tlfr t Hinm i t« qf«Le«fc nerer heoi disoorered upon 
roots, nor upon the ribs or Teins of leares. The word sto- 
mata sunifies months; and eadi Mtcma^ or month, consists 
oi two kidnej-du4>ed cells, which, 'mhma open, leare a ddi- 
eate little slit between than, bat wiiich hare the power of 
dosing entirely when necesBaiy. llie stomata are so ex- 
tremdy smaD, that one hundred and sixty thousand hare 
been counted in ereiy 8q[uare inch <m the under side of the 
leaf of the conmion lilac Hie j are gaienSlj most abundant 
on the under side of the lea^ and in the lilac there are none 
on the upper side ; but in stme plants — far example, in the 
carnation — the numbers are equal <m both ades, and do not 
amount to mcne than forty thousand in the square inch in 
each. In other plants, the numbers are Tery limited ; as, fin- 
example^ the mezereon has no stomata on the upper side of 
the lea^ and only four thousand in the square inch on the 
under. The use of the stomata is to oiable the plant to throw 
off its superfluous water, and thb it does with great rapidity 
idien ea^osed to the heat of the son. The rasels of plants 
are so extremely smaD, that aQ the sdid substances they 
take must be reduced to an impalpable finrm by solution in 
water befi>re they can be absorbed ; thus, a great deal more 
moisture is taken up by a plant than is wanted fivr its 
nourishment ; and tiie superfluous water would distend the 
TcawJ.% and bring on a kind of dropsy, if it were not era- 
porated through &e stomata. This occaaonally h^pens with 
plants that hare Tery few or no stomata ; suc^ for example, 
as the difler e nt kinds of cactus, and aU those which hare 
SQCculoit or fleshy leares. K these plants are orer-watered, 
their Tessels become diseased, and deca^ soon ensues. 

50. Hairg are minute expansions of the epidermis, and are 
fimnd almost upon erery part of a plant. Sometimes they 
coTer the wiude of the ka^ and sometimes ther are only 
fiHmd on the lower surfiice. They are of two kinds; namely^ 
ifmpkatic and glanduiar. 
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51. Lymphatic hairs are of various kinds, but they may be 
^vided into short and long. Of the short, the most re- 
markable are, down^ or pubescence, when the hairs are very 
short and very soft ; tomentum^ when they are closely pressed 
to the surface of Hae epidermis, and appear entangled ; velvet, 
when they are very short, dense, and rather rigid ; and bristles, 
yfhen they are short, stiff, and wiry. Hoc^ and barbs are 
bristles hooked or barbed at the poiot. Of the long hairs the 
principal are those called hirsute, which are moderately long 
and ngid ; pilose, of the same kind, but longer ; villous, long 
and soft ; crinose, very long and loose ; and silky, long, but 
pressed closely to the suriice. Besides these kinds, hairs, 
whether long or short, are said to be ciliate when they sur- 
round the margin of a leaf or petal, like the lashes of the 
eye; bearded when they grow in erect tufts; and steUats 
when they grow in similar tufts, but are spread out like little 
stars. 

52. The use of lymphatic hairs is partly to protect the surface 
of the leaf from the heat of the sun and from drying winds, 
and partly to collect moisture from the atmosphere. It is now 
known tliat plants take in nourishment from the atmosphere 
as well as from the ground ; and it is supposed that part of 
this nourishment is absorbed through the lymphatic hairs. It 
has been observed, that the hairs, when they do not cover the 
entire surface of the leaf, always grow either upon the veins 
or in the angles where the veins cross each other. It is thus 
evident that they have a direct communication with the vessels 
contaiaing the sap. Lymphatic hairs are most abundant on 
the \mder surface of the leaves, which is, indeed, very rarely 
entirely devoid of them. 

53. Glandular hairs are hollow, generally open at the point, 
and with a receptacle of secretion at the base. Of this nature 
are the stings of the nettle, and the hairs of the sweet-brier, 
&c., which are filled with a fragrant volatile oil. In both 
these cases, glandular hairs seem to act as organs of excre- 
tion, through which the plant is enabled to exude certain 
fluids. 

54. The position of hairs Ib generally perpendicular to the 
surface on which they grow ; but in some plants they are 
attached by the middle ; as, for example, in all the cabbage 
tribe. 

55. Scurf is the name given to a rouffh and spotted appear- 
ance on the leaves of plants, which is also an expansion of the 
epidermis. 

. 6Q, Glands are organs of secretion, or cells containing liquid 
different from that in the cells of the common tissue of the 
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plants as in the flowers of the Hypericum, or St John's wort, 
which give out a red liqnid when pressed. Sometimes glands 
assome a wart-like appearance ; thence the stems or leaves on 
which they appear are said to be tserrucose, or warty; and 
sometimes they take the form of little watery blisters^ in 
which case the plant is said to be papiOoge. 

57. Prickles may be called hardened hairs, as they are merefy 
indoiated expansions of the epidermis, without any woody 
fibre ; and they may be detached from the branch whicli 
bears them withont laceration. Occasionally the side veins or 
lateral ribs of a leaf end in sharp points, which are called 
priddeSj as in the leaves of the holly ; but these are, in fajctj 
spines, as they are expansions of woody fibre. 

58. Thorns difler from prickles in being formed partly of 
woody fibre ; and they cannot be detached from the branch 
which bears them withont lacerating its vessels. They are, in 
&ct, abortive, or imperfectly developed bads, and are formed 
instead of leaves and branches. 

59. Spines resemble thorns in every respect, except in being 
found on the leaves and stems of herbaceous plants, while 
thorns only grow on the trunk and branches of woody plants. 
When spines grow on leaves, they are always found on the 
nerves or veins, which are extensions of toe woody fibre, 
^ines serve to protect the leaves; and, in some instances, 
wnen the plant has risen above the reach of PTiimalft^ it pro- 
duces its leaves without spines. 

60. Of the general organs, the epidermis is the only one that 
is sure to be found on every plant, and even of this the cuticle 
cracks and peels off in the case of old trees. The stomata, it 
has been alr^idy observed, vary exceedingly in numbers, 
according to the nature of the plant, and in some they are 
entirely deficient. The hairs are also sometimes wanting, 
in which case the sur&ce of the leaf is said to be glabrous, 
pr smooth. 



OSGA^S OF KCTMTIOIf — ^BOOT, STEM, LEIF-BUDS, AM) LEAVES. 

61. The obgans of nutrition are the root, the stem and 
branches, and the leaves ; and of these organs, the root and 
the leaves, or some modification of them, must exist in every 
flowering plant, as the vital functions could not be carried on 
without them. 

62. The boot is that part of the plant which grows down- 
wards from the vital knot, or coWai, which divides it from 
the stem* 
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, 63. There are two kinds of roots; namely, the main root, 
or caudeWy and the fihrous roots, or fibrils, 

64. The uses of roots are to give stability to the plant, which 
is done by the main root ; and to supply it with nourishment, 
which is done by the fibrils. 

65. To give stability to the plant, the main root either de- 
scends to a considerable depth into the ground, or spreads over 
a sufficient extent of surface, to afford a proper base to the 
head. When the main root descends perpendicularly, it is 
called a tap-root; and when it divides just below the collar, 
it is called a branching root, 

66. To supply the plant with food from the soil, the main 
roots are furnished with a great number of slender fibres, each 
ending, as the main root does itself, in a soft porous part called 
a spongiole, from its resemblance to a little sponge. This organ 
imbibes what moisture it can find, and the moisture is thence 
transmitted through the other parts of the root to the stem 
and leaves. 

67. Boots elongate chiefly by fresh tissue forming at the 
extremity of the fibrils. Thus the spongioles being always 
the latest formed part of the root, the tissue composing 
them is looser in its texture than that of the other parts, 
and more readily absorbs water. The whole root, except 
the spongioles, is also covered with an epidermis, or skin, 
which is destitute of pores, and which, in trees and shrubs, 
becomes tliickened by age into a cortical integument like 
bark. 

68. A tap-root is always sent down first by a seedling 
plant ; but as the plant increases in size and strength, the 

tap-root seems to disappear, as it either changes 
its form, or is surrounded by other roots, 
which soon attain such a size and thickness 
as to render the original root no longer dis- 
tinguishable. 

69. As plants increase in age, their roots 
enlarge. Trees and shrubs have, after the first 
few years, in most cases a branching root, as 
shoi^Ti in fig. 7. Herbaceous plants have gene- 
.I'ally either fibrous roots, that is, a number 
of roots of the same thickness descending per- 
^^'/'~^^^^" pc^^icularly, or extending horizontally from 
ingRoot. ^j^^ collar; or they have thickened roots, in 
which a store of feculent or mucilaginous matter is laid up 
for the use of the plant, should it be required. Of this 
nature are the spindle-shaped or fusiform roots of the parsnip 
(a in fig. 8), and the truncated root shown in 6, the monUi- 
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fern or gmmlated root of the meadow axifinge (fig. 9\ 
fucKulated toben of the dahlia and peonj (fig. 10), and the 
tobemifl lootB shown in figs. 11 and 12. 




F%. &— Spindle-diaved or FaslCann Root (a) ; Trancatod Boot (»). 



I^ 9l— MoDililann BootSb Fig. IOl— Fmscknlatod Boot of 

the Peony. 
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70. Boots have no natural hudSy and on this account those 
foots which prodnce buds, such as the potato, are generally 
called underground stems. Some botanists include under 
this name the fleshy roots of the turnip and carrot ; but, as 
all the buds produced by these roots, and even those found 
on the tubers of the potato, are always irregular or adven- 
titious (see fig. 13), and as all roots are found occasionally 
to produce adventitious buds, the mere fact^of fleshy roots 
proaucing buds does not appear a sufficient reason for calling 
them stems ; particularly where the collar is above the 
fleshy part of the root, as is decidedly the case with the 
carrot (see a in '^^. 14), as all botanists allow that to be 
the point of division between the ascending and descending 
axes of the plant, or, in other words, between the stem and 
the root. 



Fig. la— Longitudinal Section Fig. 14.— Section of Fleshy 

of a Potato. Root, with Collar. 

71. The mode in which plants obtain nourishment from the 
soil, is by absorbing the various substances they want in a 
state of solution. It is well known that a considerable quan- 
tity of inorganic matter is taken up by the roots, the par- 
ticles of which must be in a state of most minute division, 
and dissolved in many times their own bulk of water, before 
they can pass through pores so exceedingly minute as those 
of the spongioles. The same may be said of carbon, which 
is a solid substance, and which constitutes at least one-half 
of every vegetable. On this account, the quantity of mois- 
ture taken up by eveiy healthy plant is very great in propor- 
tion to its size ; and it was found, by experiment, that four 
Slants of the common mint, which were grown for fifty-six 
ays with their roots in water, took up during that time 
seven pints of the fluid, though their own weight was only 
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four l u uMlred aad three gum. The fivt, tint water is im- 
bibed odI J b J the tpoo^iAes, has been prmred 1^ bending » 
fle^j root» md placmg it in water ao as to kare the q wogioles 
diy, when it is said that no water is a h aotbed, and it is cer- 
tain that the loot withoa^ I( on the cuutianr, the flcd^part 
of the loot be kcfi diy, and only the t^ of the qxa^gioles 
inunened in watei^ the root is mazntamed in a t%;oious and 
health J state. 

72. The root Hanpates aradk more rapkUjf Hum it imcraua 
in. thidmat; and hence the roots of the laigest timber tzeea 
are extremely slender in pfropoztion to th& tnmks. The 
reason for this seems to be, that a rery thick root is not wanted 
to gire stabiHtp to a l^neons plant, as it would require an 
enonnons depth of uA to sustain such kflr tmnks> were thcj 
dependent upon a sii^e root. In tap-rooted trees and her- 
baceous plairtsy on the contiaiy, the main root is as thidc as 
the stem, and sometimes tbirkVr ; as in that case the plant is 
steadied only by the root desccndii^ into the ground, and the 
stem would be apt to be fasoken off by high wmdsy if the main 
root were not of corre^oodiog dimensions Another reason 
for the great eki^atian of the branchiz^ roots is^ the neces- 
fity which trees, saad. other plants intended to last many yeaia^ 
are under of findmg fresh smL This is not feh hy annuals, 
as they cannot in one year exhaust the seal within their readi 
of all the nutiitious sulsstances they may require ; and thus 
eren forest trees hare generally tap-ioots the first year, though 
their roots afterwards soon become branched. 

73. The €fnutnuU&n of root* diffeis in many respects finom 
that of stoBS ; though, as in other cases, the characteristic 
differences appear in some examples to melt so graduaDy into 
each others that it is difficult to draw a distinction between 
them. It has been before obserred, that though plants and 
animah are really quite di^inc^ there are mne organised 
farms whidi it is difficult to class with either, as they appear 
to bdong to both. In like manner, there are acmie roots 
that appear to be stems, and some stems that can hardly 
be distii^uidicd from roots. Of the fint kind are the aerial 
roots sent down by pafan and otho' smilar trees, apparently 
for the purpose 4^ rtrei^hcning their stemsy whidi are often 
Tery snail at the base, in prop(»tion to the he%ht of the 
tree. The roots sent out by cabbages and canlifiowexs 
from abore the collar, when they are transplanted to a ridi 
soil, are of the same kind, llany herbaceous plants send 
out roots in a similar manner wiicn they are earthed up ; 
and trees which grow in unnatural situats>n3^ as on a waQ 
or bare rock, send down roots in quest of stul and mois- 
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tore, wliich afterwards take the appearance of stems. The 
maple, the gooseberry, and some others, may have their 
roots converted into stems by reversing the plants, and 
burying the tips of the shoots in the esMi, so as to leave 
the roots in the au\ In this case, the branches will soon 
send out fibrous roots from the joints which have been 
buried in the earth, and the fibrous part of the old roots 
withering, the roots themselves will gradually assume the 
character of branches. With regard to stems being mistaken 
for roots, the instances are still more common. What are 
generally called creeping roots, are all underground stems; 
the rhizoma, or root-stalk, of the water lily, and those of 
several kinds of ferns, are of a similar nature. The tubers of 
the potato and arrowroot are also called underground stems, 
which are said to have become so distended and overgrown 
bjr an excess of cellular tissue, as to bury the buds and to 
distort them out of their proper position. This is exem- 
plified in what are called the pine-apple potato, the buds of 
which are said to be arranged with as much regularity as 
those of any aerial stem. , Bulbs, which were formerly classed 
with roots, are, in fact, underground stems and distended leaf- 
buds. 

74. The structure of the woody part of roots corresponds in a 
great measure with that of the stem, with the exceptions that 
no pith exists in roots, and that there are no regular joints, or 
nooes, for the production of buds. In the place of pith, there 
is in the centre a bundle of vascular tissue and woody fibre, 
which is carried on by branches from the main roots tnrough 
the whole of the fibrous roots, and even through the spongioles; 
though in tlie fibrous roots it is only covered by a sheath of 
transparent cellular tissue, and in the spongioles by tissue of a 
still softer and looser nature. This bundle of fibre and vessels, 
forming a kind of cord, may be seen distinctly through the 
transparent sheath with which it is covered ; and as tne de- 
scending sap is conveyed by it downwards, a portion of that 
sap, containing the peculiar secretions of the plant, is fre- 
quently dischai-ged by it from the roots: hence the ground 
in which poppies have been grown has been found to contain 
a portion ot opium, and that in which oaks have gro^^^l, 
tannin, &c. On this account, the roots, like the bark, are 
often found to contain a great portion of the secretions of the 
plant. 

75. The collar^ or vital knot, also called the collet, neck,' 
or crown, is that part which divides the stem from the root. 
It is sometimes scarcely perceptible, as in most kinds of her- 
baceous plants; but in trees and shrubs, it is generally marked 
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bj a Foag^meflB loond the fltem, justabore the sor&ee of flie 
In the <ilffylMmf8 foot, or Hottentot bread, it is 
exeeedin^ J enlarged, and corered irith 
\(J^ liaid woodj sabetence (see fig. 15). 
i De Canddk, and other continental bot»- 
[I nists, bare regarded the collar as the 
vS UMMlTitalaBdimpoitant port of aplant; 
and thoogh the majority of modem bota- 
nists appear to tbwtg that its inip of ^iiiiffft 
has hem oyerrated, it is qoite certain, 
that if the ecdlar be nninjnied, the stem 
of most plants wiD grow again when cot 
down; but no art can n^e the roots 
ptodoce another stem where the collsr is 
■ne- 1 . ^ . ,. ^ removed, »n*l<^ws it sfaonld be from an 
F^u^-jBqtauTiFoot. adTentitioos bod- Thns, the tnbers of 
the dahha, when separated from eaeh other wfth a portion of 
the collar attached, will prodace separate plants ; but if no 
part of the collar bie attached to the separated tuber, thoagh 
it maj eontinne to lire, and eren grow, no art can erer malce 
it prodace a stem. 

76. Thb stem is the awrfnding axis of the plants ahrajs 
growing above the collar, as the root grows below it. It 
is fairiwhed with joints or nodes at reg^ar distances, where 
the fibres and Tcssds take a cnrred direction, so as to fiirm a 
little reoesB^ plainly diseemible when the branch is ^lit in 
two, in the centre of whidi the bod is formed that afterwards 
expands into a branch fnmidied with leaves^ and sometimes 
prodncing flowera and finit. 

77. Siemi are ti&er Ugnam*^ ierbaeemu, or n^fruHetue, 
Ligmeams stems are those of trees and £iiml»y which, bong 
composed principally of woody tisBoe, are hard and durable. 
Herbaceous siemis, on the contrary, bong composed chiefly of 
rrllular tissue, are green and succident, and of Aari duraoon, 
generally dying down to the ground erery winter, even when 
the root snrviTes. am fr wUeose stems are those which are 
partly ligneous and partly herbaceous ; the lower part of the 
stem beii^ woody, and the youi^ shoots succulent. 

78. lAgmeoms kerns d^fer m Ikar eoiufnccfioa according as 
ihey are Exogenous, Endogenou s , or Acrogenous. 

79. Exogemoms Ugneoms stems increase by successre layers 
of new wood, deposited within the bark on the outside of tiie 
old wood : hence they are called exogemous, winch sonifies to 
increase on the ouUsde. In extenial a^iect, the ligneous 
exogens are easfly distiitt^uidied by the branching and leafy 
natme of their tninkB,idiich, in t&e case of fiiresftrsefl^ often 
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present a lofty and commanding appearance (see fig. 16). As 
slirubs and trees, they yield at once beanty and shelter to the 
landscape, while their timber, from its strength 
and durability, is of most essential service to 
man in the constmction of houses, ships, imple- 
ments, and machinery. ^ 

80. The stem of a seedling endogenous tree con- 
sists at first only of celluleur tissue, surrounded 
by an epidermis ; but as soon as the leaves have 
expanded, some bundles of woody fibre are ^ 
deposited, so as to have the appearance of a 
dotted circle just within the skm. As the tree ^ 
advances in growth, the cellular tissue in the^ 
centre becomes what is called pith^ and rays of 
it extend to the epidermis between the bundles 
of woody fibre. A membrane, or rather lajrer 
of vascidar tissue, then forms round the pith, ifi^pin 

so as to separate it entireljr from the bundles ^' ^ 

of woody fibre, and the pith takes the form of a star, with 
rays diverging from a centre. The pith was called by the 
older botamste the medulla^ from the resemblance of its posi- 
tion in the tree to that of the medulla, or spinal marrow of 
an animal ; and for the same reason, the layer of vessels round 
the central pith is called the medullary sheath, and the ravs 
the medullary rays. In the second year of a tree's life, the 
rays and the central pith both contract as fresh layers of 
"woodjr fibre are deposited, and they continue to do so every 
year till the tree is full-grown. In the second year's growth 
of a seedliDg tree, a complete layer of wood is formed round 
the pith ju^ within the epidermis, and this is called the albur- 
num, or sap-wood, Anotner layer of vessels, like those in the 
medullary sheath, afterwards forms round the sap-wood, so 
that when a second layer of wood is deposited, .a distinct rine 
of vessels remains between the two. Tnis process is continued 
every year, and, as the layers of vascular tissue have always 
a difierent appearance from the tissue of the wood, the rings 
of vessels between the layers of wood, which are called con- 
centric circles, and the medullary rays diminished to fine lines, 
may be always traced in a section of the trunk of a tree (see 
a in fig. 17). The medullary rays become changed in time 
into thin hard plates, which still radiate from the centre to 
the outer circumference of the tree, and which form what is 
called by tiie carpenters the silver grain of the wood. The 
central pith, in the meantime, has diminished to a mere speck 
in the middle of Uie tree, or, as is frequently the case, it has 
entirely disappeared. The layer of wood which is deposited 
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erery wananrr, ahnqrs a^pois soft and wiiite for the fint 
year ; and it is cadled the jay woo d, because the swreniKiig mp 
naes throng it the ioiOowipg sfomg. This wood isof no Tshie 
as dmbei^ and cazpcntcn^ in iheir contzacts ior houses, alwajs 
agice not to use it, pfromising^ that thdrwood shall be me 
from sap, &c The inner la jeis of wood in the tne ibtm iHnt 
is caUed the keari-woodj or duramroy which is extremeljr haid 
and dozable. As the lajen of wood aie thns distinct, and as 
one is genendly dqMsited in temperate Htmatfn eraj year, 
it has been sof^osed the age of a tree may be found br cooni- 
ii^ the nomberof conccntiic ordes ; bnt this rvle does not 
slwajs hM good, for the icasoiB before explained (par. 32). 
Sometimes^ biit rardy, conccntiie areks are not firamed at 
all ; as in the Menispenniun, in which, after the fint year, 
the woodappeanto be in (Hie mass; as in the tnmks of the 
woodj necies of Anstolochia, in whidi the wood is divided 
into wcdi^e-diaped pmticns bj the mednllaiT rqrs ; and as in 
old tmnks of Cal jcanthos, in the wood of which foor distmct 
axes, or central points, may be traced. The sap-wood of 
regnlari j-fonned wood is always white, hot sooie seoetiass 
are conrey ed by the returning sap through the medoDaiy lays 
into the heazt-wood, which dbaoges its coloor to brown of 
Tarioos shades, dark red, green, or eroi black, accosdii^ to 
the nature of the tree. 

81. The bark cf ejtogemoms bta consists of three, and some- 
times four parts ; namely, the emtieie, or outer sk^ ; the csr- 
tieal integmmeuty or soUd part ; and the lUi€r^ or inner bark. 
Of these, the cotide, or outer din, soon ciacka, and portiaDy 
peels off; as, fttran the rUwenens of its textore, it cannot dilate 
80 as to gire sg^ce for the baik beneath it, when that organ 
increases in thickness. The ooztical inte g um ent is what is 
properiy called hark, and this in some trees attains a consider- 
able thirkneas ; as^ for example, in the cork-tree, which is a 
▼ariety of Spanish oak, and in sereral kinds of elm. This 
bark, or optical int^[nment, is occasionaDy in two layeis, the 
inner one of which increases so rapidly in diameter, that the 
outer often cracks ; and in some trees, aa^ for example, m the 
Oriental plane, it folk off in large plates as the part below it 
expands. The liber, or inner bark, whidi is qnite distinct from 
the two layers of cortical integument, is rery thin, though a 
layer of it is deposited erery year within that of the precediz^ 
year. It was supposed by Linncus that the inner ban became 
wood the second year, but this is now prored to be incorrect. 
It is generally Tery elastic, and dilates as the stem of the tree 
increases in thickness ; but in a fow lieneous plants, such as 
the Tine and the honeysockle^ a portimi ercn of the liber is 
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thrown off annually. In the Menispermum and its allies, it 
is only formed the first year, and tnen buried in the trunk, 
where it is found near the pith. In some trees, as, for ex- 
ample, the Lagetto, or lace-bark tree of Jamaica, the liber is 
capable of extraordinary distension ; and in others, as the lime 
tree, it is remarkable for its toughness, as is shown in the bast 
mats which are made of it. 

82. The nodes of exogenotis trees and shrubs are the parts 
destined to produce buds ; and in some shrubs, as, for example, 
in the vine and the lilac, they are veiy distinct. They are 
generally called joints^ but this is an incorrect mode of speak- 
ing, a3 the stem is not jointed where they occur. When 
a oranch or stem of a ligneous plant is split open, it will 
be found that at every node there is a peculiar arrangement 
of the fibres, so as to form a little hollow or cell, in the centre 
of which the germ of the young bud forms. From some nodes, 
two buds are produced opposite each other ; and in some her- 
baceous plants, four leaves or iiowers spring from each node ; 
but buds are very rarely produced from any other part of the 
tree, and when uiey are, they are said to be adventitious, or 
irregular. The spaces between the nodes are called internodes, 

83. Endogenous ligneous stems have neither pith, medullary 



Fig. 17^-6eotion8 of Exogenous and Endogenous Stems. 

rays, nor concentric circles ; and though they have a cortical 
integument, they have no bark in the proper sense of that 
word^ which signifies a substance easily separable from the wood. 

c 
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A sectini «f the tnoik cr xfyet of mt emiogOMBms ine (a 
fig. 17y b) conaia ls of > MB of ceDnlar tinac^ intennizcd witk 
bfDndks of w<io^ fibm, aome of nindi are d^oaiied evoj 
year, the new ones being alwajs innde the olhen: 
the name of garfya , which wgnHWa to iMiiaai' inm^ 
Hearl J all the plaiita bckoging to this di t iaiuM are ] 
of the tropica^ where onlj a f^ ezogcnooa teres are to be 
fimnd. 

84. Thetntmks ff e m d wg e m tmt trea inereaae diffiewnily fnm 
those of exogcnoos oneaL In spedlmg endogenic a wfaori of 
leares is fixsi derdi^wdy in the centre of wUdi ^ipean a 
flesh J sabetanee, somewhat reaembling the reot-piate of a 
bolb, bnt ^ neady the foil aiae of the after-dkmeter of the 
tree ; and this flesh j aobstaoee wiQ be foond to coii B t of 
a mass of cdfailar tisrae, iia i eised in ereij directim bj 
handles of Tascolar and woo^ tissoe jwytce dingr directhr faw 
the Tons of the learcsL The fleafaj part or {date naring 
extended horiaontall j to the iMiiaaiij aiic^ beginB to nse 
alowl J i^waida^ karing the taft of leares at its base, bat 
derdi^ing othcfs from the bnd fiomied at the apex of tiie 
growing pmnt ; the bod not being conical, like that of mk 
exogenous tree, hot tmneate. ^ the stem dongatcs, the 
leares send down bandies of Tnnrnlar and woody tiasoe, whidi, 
after proceeding for some distance down the centre of the 
stem, finally cnrre ootwards, and lose themselTes in the cor- 
tical int^^nnent which sopplies the place of bark. Erery 
year the old Wares decay and £dl €€y karing the remains of 
their fiMi-etalks attached to the tnnd^ while the new leares 
wiiicfa are derdoped send down finedi bandies of fibres in the 
centre of the stem, and these press the ootcr ones mcHe doaety 
together, so that the most compact wood 
is always foand nearest the cortical in> 
In tegument of the tree. This cortical in- 
tegument differs from baik, in being 
inseparable from the wood ; but it is a 
I mistake to siq^ose tiiat it will nerer 
saficr the tree to increase in thirknews, 
as it is capable ci oonsidcraUe disten- 
siim, particalariy in the dr^on treea^ 
and other allied genem. In the pafansy 
howerer, it soon indurates; and hoice 
these ticcs» idicn they hare readied 
maturity, nerer increase in diameter 
iA__j»*i„ ^y ^* ; ""^ ■* "^^ ■* *^ qpace wiAin 

i^ia^-mm. ^j^^ cortical int^ument is filled up, 
they begin to decay. The wood of endogenous trees is modi 
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leflB compact than thai of exogenous ones ; and, as it is 
weakest in the centre, it is seldom fit for biulding purposes. 
The pahns are the principal trees belonging to this divisbn 
(see fig. 18). 

85. Aerogenous stems increase by the pe- 
tieles of the leaves growing together; and 
thus a section of the wood of the tree fern 
does not present a series of concentric circles 
like that of exogenous trees, nor a fibrous 
substance like that of the endogens, but a 
series of zig-zag layers, caused by the suc- 
cessive addition of the annual footstalks of 
the withered leaves. The only trees be- 
longing to this division are the tree ferns 
(see fig. 19), which are principally found 
in Van Diemen's Land and New Zealand ; 
but their wood is of no value whatever as 
timber, and is said to be unfit even for Rg la— Tree Pcm. 
fuel. 

86. The stems of herbaceous plants are solid and brittle when 

Soung; but when old, they frequently become tough and 
ollow, in consequence of their diameter increasing more ra- 
pdly than cellular tissue can be formed to fill up the space. 
They differ from the steins of ligneous plants, which are 
nearly always cylindrical, in being sometimes flat, sometimes 
triangular, and sometimes square. In many cases there is no 
stem, properly so called ; but the flower- 
stalk rises directly from the root (see a in 
^'g. 20), and is then called a scape. The 
stems of the grasses, which are endogenous 
plants, are hdlow, except at the jomts or 
nodes, where there is a kind of partition 
across, so as to divide the hollow part into 
cells. Stems of this kind are called culms 
(see ^g. 20, 6), and their construction may 
be seen in the straw of wheat or barley, or 
the cane of the bamboo. The stems of the , 
maize and the sugar-cane are, however, 
filled up with fibrous matter, though they pig. 2a— Flower Scape 
also belong to the grass tribe. As the liie (a), and Cuim of a 
of herbaceous plants is so much shorter kind of Graae (6). 
than that of trees, all the functions of their organs are much 
more rapidly performed. No regular layer of wood is depo- 
sited, there are no scales to the buds, and in most cases no 
buds are formed on the stem for the ensuing year ; for the 
stem itself generally dies down to the ground every winter. 
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I wen as the flfcon, « 
the seed \aM ttiwt w rt}, and these pknts are called 

thej mait be nned from seed evcij jeer. Other 



plants aie celled biemmiaig^ becaue they sddom flovcr tQl the 
second Tear, thoo^ they fk e q iie uU y Hre three or fimr jesis. 
Perauumig are those in which, thoogli the steai maj die dowa 
to the ground, the root remains aliTe, asd is stimnlafted bj 
the warmth and moisture of spring to sad up a growing poinl, 
from which froh leavei^ flowers, md fruit* are derJsped. 
The stems of e i eigi ee n perennials do not die down to the 
ground in winter. 

87. 7k stems if karkmsmm* mmd ssfnUkm^ pUmU mn <f 
vtarimu Idrnds; the greater number are erect, bat aone re- 
cline or tzail ahmg iht 
ground, idien thej are 
said to be d^camifaBi; 
^rscKifeaf, or p tm b m l e, 
Sometinies they strike 
loot from evciy j^^^t, 
when they are called 

^ creepiM§ stems (see fig. 

^ 21);aiidaomrtimrnthey 

r either dii^ to neigh- 

boaiing objects by their 

Tig gv -jUAqM!tje P lant rrtfTMTmg its tendrils, or other means, 

CnepiDsSteBBsmtkeiiad. when they are named 

dimhers; or twist their stems lonnd any suitable object, when 

they are said to be twimers, Rmmmen^ snch as are produced 

by the stawbeny, are prostrate sterna^ fi»ming tofts of kares 

and roots at erery joint. 

88. Undergmimd stems are those portkios of a stem which 
grow bdow the sar£Ke <^ the gromid. They are genezally 
marked with scak^ which appear to be the nidmientB of 
imperfect leares, in the axUs of whidi bods are fanned. Of 
this nature are the rkisoma at root-stalk of the ecHumon 
reed, and that <^ the water-lily. The sUlones of the couch 
grass, and the tmbers of the potato, are generally considered 
by botanists to be undeiground stems. 

89. Tke swxmlemi stemu of some of the Cadaeetc paztake <^ 
the nature of leares, of whidi these plants are generally 
destitute. 

90. Lkav-btik are the means which nature has provided 6a 
supplying dmhs and trees with, leaves and branches. In 
autumn, deciduous trees lose thdr leaves ; but in the axil of 
each (that is, in the az^e fonned by the footstalk with the 
hanch), a little bud ^evioudy fonnsi, from which fresb 
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leaves are to expand the following spring. During winter, 
the bud is enveloped in numerous imperfect leaves or scales, 
which are imbricated — ^that is, laid 
over one another like the tiles of 
a house. To this envelope Lin- 
naeus applied the term hyberna- 
culum, because it serves for the 
winter protection of the young 
and tender portions of the bud 
(see fig. 22). The scales, though 
gener^y very thin, are of a close 
membranous texture, well suited 
to exclude the cold ; in many cases 
they are also covered with a kmd ^^' 22.--HybOTiacuium, or 
of gum. When the particles of i^-Bud. 

the sap become expanded by the heat of spring, the scales 
open and roll back, or fall off, to allow of the expansion of the 
true leaves that lie within them, curiously folded up round 
a kind of stem, called the flw?w, or growing point, wnich, as 
the leaves unfold, gradually elongates, and finally becomes a 
branch. 

91. The outer scales of the leaf-buds vary in different trees. 
In the beech and the lime, they are brown, thin, and dry ; in 
the willow and the magnolia, they are downy; und in the 
horse-chestnut and the balsam poplar, they are covered 
with a gummy exudation. In some cases there are one 
or more series of imperfect leaves inclosed within the outer 
scales of the bud, wnich drop off when the perfect leaves 
unfold. 

92. The vernation of leaves signifies the manner in which 
they are folded in the bud. Tne principal forms are the 
following: — involute when the edges of the leaf are rolled 
inwards spirally on each side, as in the apple ; revolute when 
tlie edges are rolled backwards, as in the rosemary; con- 
volute when one leaf is rolled up in another, as in the plum ; 
conduplicate when the two sides of each leaf are folded v/ith 
their laces together, and the midrib projecting, as in the cherry 
— ^the compound leaves of the rose are folded in this manner ; 
plaited or plicate when the lobes of the leaf are each folded 
separately lengthways, as in the vine ; imbricate when the 
leaves sliehtly overlap each other, like the tiles of a roof ; and 
valvate wnen they just meet without overlapping. There are 
several other forms, but these are the principal. The vernation 
of ferns is said to be gyrate or circinnate, oecause the whole 
stem is coiled up with the leaves, and slowly imroUs when 
they expand. 
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9a The ftmtiom ^ hmf-kmit^ with Ff^gnd to «Mk odiefv 
said to be § ppnU e wiifn twolnidi "P™? ^^nn 
eadi node, and aUermaU wben cn^ one bod 
qoiiigs horn a node, » the hndi *ppc*>' ^ni 
on one side and then on the other. When 
four or more leares g;iow roond the stem fiom 
the anne node, they are said to be wrtieiOaU ^ 
or whoiled (see ^, 23). Lcnrcs and bondu 
are dereloped fiom adTentitkNis bods an the 
same manner; bat these bpds nrdj i^ipcai^ 
nnleas sMoe mjmy be draie to one of the inter- 
nodes of the stem. 

94. Buttm are at once contacted ttcns and Icaf^mds on 
a hffge scale. Thej are of two kinds : tmmkaUd^ like the 
h jacmth ; and jcoly, like the lilsr. The tnnicafted bulb is 
enT^oped in a mcmlnanonB Mifiiaig irafjiibiing tiie ontv 
aeales of a leaf-hnd, and inrkwing a nmnbcr of fiob j coal i iieiv 
ortiuuca^whieharevndeTeloDedleafes (seeayfig.24). When 
the bulb b^^ to grow, eaiJi of these tonics fionns the baae 





tMB if the Bibtf a H;»- 



fii a leatf, and diejr all qxring £ram the inet-frfatr (see * in %. 
25), which is in itself at once the cooqaassed stem and the 
coDar of the plant. On the iqipcr or stem part of this root- 
plate, new bolbs or ofiets are famed efciy yw, cxac^ as 
leaf-bods are on the stems and brmches of wmbs and trees. 
Besides these offsets or joong plantl^ another bod, era new 
bolb, is foimed ereiy jear on the root-piate (see %. 26), to 
siqiplj the place of the old <me, whidi has warted awaj m the 
eooise of the growing season, the sobstance of its tomes haiw 
been erhsjwtfd in so^ jing nooziAment to the karcs whi^ 
spnng £pnn them. The scaly bolb (fig. 27) still more plainfy 
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shows its bnd-like nature. The loose scales are evidently the 
rudiments of leaves mwing round a common axis, and the 
offsets are formed in nicar auls. 



Fig. 96.— Seotiofn of a Tulip Bulb in Autumn ; Fig. 27.— A Scaly Bulb. 
a» the Flower of the following Spring; b, 
the germ of the new Bulb, which ia per- 
f eoted duriiig the Summer. 

95. CormSf formerly called soUd tmlhs or huW-tuherSy are, in 
f&ct, short distended stems, bearing buds from which spring 
the leaves and flowers. The crocus and the corn-flag or 
eladiolus afford examples of corms. If the conn of a crocus 
be cut in two, just before the leaves begin to appear, it will 
be found to consist of a collar, from wmch the long slender 
true roots spring ; a solid white part, which is the stem ; and 
one or two little buds in the u^er part, which contain the 
germs of the future leaves and flower. A new corm forms 
every year to supply the place of that which wastes away 
when it has done flownino;. In the crocus, the new corm 
iansoa above the old one, which wastes away, leaving its dry 
outer skin like a fibrous ring at the base of the new conn 
which is to supplv its place. 

96. Leaves, when perfect and fully developed in flowering 
plants, consist of two parts : the lanUnay /tmo, bktdey or disk, 
and the pefiofe, or footstalk ; the latter, in many cases, being 
articulated or jointed with the branch or stem, so as to be 
readily detached without laceration when the leaf begins to 
decay. Sometimes the footstalk is wanting, in which case the 
leaf is said to be sessile. The leaves of cryptogamous plants 
are called fronds. Those of the fern resemble other leaves in 
their general appearance, but their veins are zig-zM;, and their 
petioles are called stkpes, Tho frond or thallus of the lower 
tribe of plants, such as mosses and lichens, is always either 
leathery or gelatinous. 

97. trees which lose their leaves in autumn, and continue 



itized by Google 



42 TBBEZABLE PSTSKILOeT. 

hare during winter^ are said iohedecidmms; and ithasbeoi 
obeenred, thai those leaves which abomid most m matstarey 
and of course evaporate it more rapidly, fidl fiisL Leaves 
iN^iieh are of a thin memlHanoiis nature, soch as those of the 
beech and hornbeam, often retain tiieir lu>ld, though withered, 
till fipring. Some trees retain their old leaves unwithersd 
till after the new leaves have ennnded, such as the hoU j ; 
and these are called ec e r g r e enS j because they nerer a^iear 
diyested of leaves. 

dS. The blade of ecery leaf consists of a ikddon or frame- 
work, with its interstices fiUed up by a pulpy matter foimed 
of cellular tissue, or parenehyma^ the whole being covered by 
an fpidermU. 

99. The structure of the blade of a leaf is both curious and 
beautifuL The upper and under sur&ce are frequently diffe- 
rent both in colour and texture, and are, in &ct, perfectly 
distinct, forming two strata, laid one upon the other, and 
adhering together. In most cases the adhesion is so close that 
the leaf appears only one mass ; but in some kinds of Indian 
plants, the two sarbces of the kaves adhere so slig^y, except 
at the maigin, that tiie hand may be passed hetween tiiem, as 
though it were put into a stockii^. 

100. The skeleton or framework of every leaf ocmsists of two 
distinct strata of reins, <me of which conveys the sap to the 
upperpartof the lea^ and the other to the und^. Inaspedes 
of oxalis or wood-sorrel, introduced in 1841 frx>m Guatimiala^ 
the texture of the plant is so transparrait as to show di sti n ct l y 
the arrangement which nature has provided for feedii^ the 
leaves vnm sap frx)m the root. This plant has three leaffete^ 
and the leaf stalk ccmtains, in its c^itnil bundle of fibres, six 
sets of vessels, arranged in pairs, so that each leaflet has two 
distinct sets of tub^ communicating with the tree. When 
tJie leaf has frilly expanded, a set of the branching vessels of 
the latex will be found on the under side, which are destined 
to convey the descending sap, aft^ it has beoi formed in the 
leaves, bock into the tree. The veins of ihe upper sorfoce are 
sunk beneath the level of the cellular tissue, and those of the 
lower surfoce project beyond it. The vmns of the lower 
surfoce are usually oovoed with hairs, vdiile those oi the 
upper surfoce are smooth* 

101. The venation^ or arrangement of the veins, diffeis in 
different plants ; but in nearly all there is a strong vein down 
the middle, which is called the nddHb, and is a continuation of 
the petiole. Sometimes there is no other rib than this, as in the 
leav^ of the carnation ; but in most exogenous plants there 
are side ribs, called the lateral nerves^ which branch out on 
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both sides. When these are very conspicuous^ the leaf is said 
to be feather-nerved^ as in the beech. In some plants, as 
Melastoma, the auxiliary ribs are not feathered, but lie parallel 
or nearly so to the midnb. In the leaves of the greater number 
of exogenous plants, however, the side ribs are less distinctly 
marked than tne midrib, and the space between them is filled 
up with a network of minute veins, as in the leaf of the apple 
(see fig. 28). Leaves of this kind are said to be reticiJated, In 



Fig. 88l— Reticulated Tenation of a Leaf of an Apple-tree. 

the leaves of endogenous plants there are either only a number 
of parallel veins, with some larger than the others, or there 
is a central rib, with minute nerves arranged beside it in a 
nmrififrm manner (see fig. 29). 



Fig. sa.— Murifonn Venation of a Leaf of the Gloriosa SnpofMk 

102. The parenchyma differs in its construction in the two 
strata of the leaf That of the upper stratum consists of a 
number of oblong cells, which are nearly all filled with liquid, 
starch, gluten, and colouring matter, or chlorophyll. It is gene- 
rally destitute of air-cells or intercellular passages, but occa- 
sioxially contams receptacles of secretion. The parenchyma of 
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the lower sbntmn, for themoet psrt^ fi^peaiB of apaler coloiir, 
as its cells hang looselj together, and aboond in alr^eeUs and 
intercdlnlar passives, llie Teins of the lower stratom aie 
fdmi^ed with hans, whidi appear to act like the spongioles 
of the roots in absoHiii^ nooiishment ; onl j deriving it from, 
the air instead of from the ground. The epidermis of the 
lower stratom has generall j more stomata than that of the 

2)per, through whidi a considerable transpiration of water is 
ways taking place. Notwithstanding the difference that 
commonly e^osts between the two strata of the leaf-blade, in 
some cases both are alike, as in the Eucalypti, the leaves of 
which hans^ so curiously as not to present one sur&ce more 
than the omer to the popendicnlar lig^t. In other plants, as 
the water-lily, the strata appear to be reversed. 

103. Ike parendufma of the leaf ig sometimes deficient in 
quantity ; when thu is the case, leaves are said to be cti^, or 
lukedy or to be comfound. Leaves are called simple when the 
lam ma, or blade, is either oitire, or not cut so deeply as to 
reach iJie midrib ; or at any rate when the segments are not 
articulated with it. In compound leaves, on the oontraiy, the 
midrib becomes transformed into a kind of petiole, and the 
lamina is divided into a number of little leaves^ or Iwfletiv 
langed on each side, and generally articulated. These Ifisflets 
are sometimes called pinna. As proof that the iadwitations 
are caused by a deficiency of cellul^ tissue, itmay beobaerved, 
that when trees or shrubs with notdied leaves are planted in 
rich soil, or supplied abundantly with water, their leaves be- 
come entire. If similarly treated, even trees with compound 
leaves will produce simple entire ones. In some plants, the 
parenchyma is entirely wanting, and the framework of the 
leaf takes the form of a tuft oi prickles. This is especially 
the case with the cactus tribe, the greater number of which 
have no leaves, but only fleshy stems and prickles. 




Fl; aoi— Cordate (a), Beotfonn (b), and Toofoe-fb^ed (ej ] 
l(kL Simple leaves are of vaziooa forms ; as^ finr example, 
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8am« are cordate^ or heart-shaped (fig. dO, a ), as in the major 
convolyulus ; reniform, or kidney-shaped (6), as in the eround 
ivy ; or tongue-shaped (c), as in some kinds of mesembryanr 




Fig. 31.— Oral (d), Orate («), and Elliptlo (/} Leaves. 

themums or fig marigolds. Others are oml {d, in fig. 31), wate 
(e), elliptic (/) ; hut these shapes, which are found in nume- 
rous plants, are too obvious to require examples. Other leaves 




Fig. 32.— Lanoeolate (^), Ensifonn (i), and Spathulate (h) Leaves. 

are lanceolate {g, fig. 32), that is, tapering at both ends, as in 
the mezereon and the common plantain ; or spathulate (A), as 
in the field dasy. The leaves of bulbous phmts are generally 
Ugulate, or strap-shaped ; ensifarm^ or sword-shaped (i), as in 
the iris or flag flower, the gladiolus or corn-flag, the nyacinth> 




Fig. 33.— Deltoid (j). Hastate (ft), and Sagittate {J) Leaves. 

and the narcissus. In all these leaves the propoitioiis of 
edllular and vascular tissue appear to be nearly e^ual ; but in 
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otheis the framework seems to have been foimed on a different 
8cale£rom that of tiie cellular tiasae. LeaTes of the latter kind 
are often oddly shaped. Some are called delioid (J in fig. 33), 
from a supposed resemblance to the Greek letter Delta ; others 
are koMiate, or halbert-shaped {k), as in the oonmion arom ; 
tagiUaie, or anow-shaped (/)> as in the sheep's sorrel and pond 



¥%. 3t.-Set«e <M> and 1 

anow-head ; reltue (fig. 34, m), as in the bUbeny or wfaortle- 
beny ; and tmncate {n\ as in the tulip-tree. The leaves of 
pines and fin are gaioally narrow in prcmortion to their 
loigth, are of equal width throughout, and otUsk terminate in 
a sharp pointy with a projecting whitish line down the back. 




which is the midrib. These leaves are called linear (o in ^, 
35) ; and those of some other plants, such as the common 
furze or whin, which are cylindrical and tapered off to apoint, 
like a cobbler's awl, are called tubulate (p). The leaves of 




the mesembryanthemnms, which are thick and fleshy, are 
often of veiy odd forms— as, for example, delMd (j in ^. 33), 
aeuRtter^iJbcperf {q in ^. 36), €a[ kaUhet-Aaped (r). In otha 
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simple leaves, the framework seems to have been formed on a 
scale so much too large for the cellular tissue, that the midrib 



Fig. 37*— Fan-shaped («) and Pectinate (t) Leaves. 

and principal veins are barely covered, as in the flabellate or 
ian-snaped leaf (« in fig. 37), and the pectinate or comb-shaped 
leaf of the water milfoil (t). When plants with leaves of this 



Fig. 38.— Lyrate (u) and Lobed (v) Leaves. 

kind are removed to a rich moist soil and warm situation, 
their bare ribs become covered w^ith flesh — ^the pectinate leaf is 
changed into what is called jdnnatifid, and the fan-shaped 
becomes hbed. Some leaves are naturally pinnatifld, as in the 




Fig. 39.— Digitate (to), Palmate (x), and Pedate (y), Leaves. 



common fern {Polypodium) ; lyrate^ as in one of the American 
oaks (u in fi^, 88) ; or kibed (as shown at v). There are 
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BBwaal kinds of lobed leaves ; as^ for example, tluee-lobed, 
like the hfrrtim^ and five-lobed, as the Tiiiec DifUaie leaves^ 
like those of the hoise chestnut (« in fig. 39) ; palmaie leoresy 
like those of the passion flower (jr), and pedaie learefl^ like 
those of the Chzistnias rose and of the dragon annn {jf), axe 
abo regarded as simple, thongh the j appear ocnnpomid from 
their deficiency <tf cellalar tis^e. 




(S), and Temste -JT Lmtcs. 



105. Compound leaceg are also of manj different forms. 
BifiUate (1 in fif . 40), when the p^iole of the leaf bears two 
leaflets^ as in the bem caper; bi^eminaU (2), when the 
petiole of the leaf divides into two, and eadi branch bears a 
pair of lenflets, as in the caf s claw, primosa ; and tenuOe (3), 




Fig. 



when tiie peti<^ bears three leafletB^ as in the clorer ; biUr- 
naU (4 in fig. il), when the petiole is dirided into two porta^ 



itized by Google 



ORGANS OF HUTBIIIOX. & 

and each branch bears three leaflets, as in the bulbous-rooted 
fomitory; and tntemate (5), when the eommon petiole is 
divided into three branches, each branch bearing three leaflets, 
as in the mountain barren wort {Epimedium alpinum), Im- 
paH-pinnate (6 in fig. 42) is when the leaf consists of several 
pairs of leaflets, terminating in an odd one, as in the monntain 
ash ; abruptly pinnate (7), when there is neither terminal leaflet 
nor tendnl, as in the orobns tuberosns ; and cirrhosely pinnate 
(8), when the pinnate leaf terminates in a tendril, as in the 



Kg. 4a— Digitatdy Pfnnate (9) and Cbnjugately Pinnate (10). 




Pig. 44.^Deciir8iyely Pinnate (11), and Interruptedly Pinnate (12). 



F!g. 45.— Bipinsste (13) and Tripixmate (14). 

common pea. Digitatdy pinnate (9 in fig. 43), and conjugately 
pinnate (10), are rather rare forms of compound leaves, and 
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cnljr ocmr wfaon tlie pelide of the fbamie leaf is a bfandi 
fruni a conunoii petiole. Dawrumhf pimmaU (11 in %. 44) is 
wliai the petiole of the pinnate leaf is winged bj the donga- 
tion of the leaflets at the base, ae in the meUonUms or honej 
flower, sometimes called Sirilian lagwoit. This fonn of ki^ 
■nmon, and when it &es oeeor, it is dilliniH to 
L it from the pinnatilid. InUm^tedig phamte (12) 
is whoi the leaflets are altematelj laige and small, as in the 
potato ; and hi/immate and trifimmaU irtien thej are twice or 
tiuice pinnate^ as repr^ented in 13 and 14 (%. 45). 



mk\&' 




iim 



(It) 



10& The wmr^imw of Wares are abo Tapoady fonned. They 
are said to be emtirt when they preaent one nnbtokcn oiitline ; 



itized by Google 



OBGANS OF NUTRITION. 



51 



Mnuated (15 in fig. 46), like the oak ; repand (16) ; crisped 
or curled (17 in fig. 47) ; undulated or waved (18) ; runcinate^ 
as in the dandelion (19 in fig. 48) ; ciliated or fringed like the 



Fig. 49.— Plaited (21), Dentate (22), and Bidentate (23) Leaves. 

lashes of the eye (20) ; plaited or folded (21 in fig. 49) ; 
dentate or toothed (22), and bidentate (28) ; serrated or saw- 



Fig. 5a— Serrated (24), Crenated (25), and Anned (26) Leayes. 

like (24 in ii^, 50) ; crenated or scolloped (25) ; and armed 
(26). To these may be added erose or gnawed, when the 
mai^g^in appears as if it had been bitten by some animal ; Um- 
niated or deeply and irregularly cut, and incised or regularly 
cut. 

107. The apex or termination of a /eq/' assumes various forms. 
When drawn out to a long point, the leaf is said to be acumi- 
nate ; when notched in the middle (as in fig, 34, m), emar- 
ginate; when tapering abruptly to a point, cuspidate; and 
when ending in a little bristle, mucronate. Sometimes the 
apex extends in the form of a tendril, as in Oloriosa superba 
(fig. 29 m page 43). 

108. The surface of leaves is generally covered with hairs, 
scurf, blisters, or prickles ; when smooth, leaves are said to be 
glabrous* A leaf is said to be glaucous when its colour is a 
pale sea-green, and it seems covered with a kind of bloom. 

109. Lsaves often vary in shape on the same plant* In 

D 
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^arfs tiie emdime or stem lesrcs are ^atenSSj 
' tliaii, and ^ttam&j ah^ed frtm, the rmikmi or root 
SoBctimeB one aide of a leaf is laiiger tltaa the < 
as in the case <tf the dm. 



lia JS%^«fet (see a in %. 51) are lea»ike bodies fonned 
at the base of tiie petioles rf the true leaves, and geneiall j 
sheathing the ston. When the^ are membrmoiia^ ai^ joined 
together, so as to finm a dieath entirely mmd the stem, as in 
the tart ihnhaib, they are called ocretr^ or hooU. 

111. 7%^ jiefiofe of a leaf often chaises its fonn oonsiderablj. 
Whoi the leaf is wanting, it is genoally other dilated ii^ 




a leaf-like boty teimed a fktfO&dnnm^ or drawn ont into a loi^ 
deader fikasent called a tendnl (see ^.53). Sometimes these 
tendrils are meiamoiphoaed iHaiyJies , as in the grape rine (see 
1 in fig. 52) ; in other cases ther are abortiTe ka ie a^ as in 
the pea (2); or mctamoiphoaed bracts^ » in one of Ihe kinds 
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of clematis (3). In the ivy, the tendrils take the shape of roots 
(4), and it has been supposed that they bury themselves in 
the trees to which they are attached ; but the fact is, that the 
ivy is a creeping plant, and uses its tendrils merely to take 
hold of the objc^ to which it attaches itself. In a few cases, 
the petiole is both dilated and drawn out, though the leaf is 
not wanting, as in the Chinese pitcher-plant ^see fig. 63), in 
which the ILd of the etseidium, or pitcher (a), is the true leaf, 



Fig. 5a— A Leaf of Nepenthes Distfllatoria. 

and all the rest the dilated petiole. The same kind of for- 
mation is seen in Venns's fly-trap, the true leaf of which con- 
sists only of the small lobes which form the trap. 

112. Many other forms of leaves and their appendages might 
be enumerated, but those already given will be sufficient to 
show the wonderful variety which has been displayed in these 
beautiful objects. When we look at a tree covered with 
leaves, we are apt merely to admire their beauty, without 
thinking of their utility ; or, at most, to regard them only as 
contributing to our own comfort, and affording a refreshing 
and delightfid shade. They are, however, most important 
organs in the nutrition of plants, as they not only supply the 
place of a stomach and lungs, but also aid the roots in acting 
as mouths. Their use, however, will be more fully under- 
stood by considering the functions of the different organs of 
nutriticm. 

PUNCnONS OP THE ORGANS OP NUTRITION. 

113. The organs of nutrition are essential to the exist-y 
ence of vegetation ; as all plants, while in a growing state, 
require to be regulariy supplied with food, to afford matter 
for their increase and for the other changes which are conti- 
nually taking place within them during the whole of that 
season. Early in gyring the buds begin to swell and to increase 
in size ; and as soon as they expand into leaves, new buds are 
formed in their axils, wmch are continually enlarging, till 
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th^, ID their tmn, the following spmg, gire birtii to another 
xace of leATCs. The axis round which the leayes were folded 
in the bud also increasesas they expand, till it finaDj becomes 
a branch. Ercn the leayes themseiYes are always chaining ; 
whoi they first open they are small, but become larger and 
larger erenr day, till, havii^ attained their full size, they 
gn^naUy tikapge colour, wither, and fell, leaying buds behind 
them containing the leares which are to sopply theb phice 
the following year. Stems also increase ereiy year in height 
and thirkneat^ tiU the peiK>d comes for their decay ; and eyen 
then they do not remain in a pennanent state, for chemical 
changes take place within them, by which they moulder away, 
and the elemoits which composed them are set free to combine 
again, and to form a new race of yegetables. 

114^ The food ofpUmU consists p^tly <tf the foor elementaiy 
sdbstances which are fonnd to constitute the oiganic or Ihrii^ 
part of all Tegetablea^ and partly of those inorganic mattos 
which are deposited in different proportions in diSeroit plants^ 
without being thoroughly assimilated with their sabstance. 
The four elements ccmsist of oiie solid sabstance, namely, car- 
bon, and three gases— oxygen, hydrogen, and nitrogen. Of 
these, carbon is by &r the most important, as it forms iMarly 
half of erery Tegetable ; oxygoi is next, then hydrogen, and 
lastly, nitrc^en, of which tiie proiN»tioii is not more than 
two and ft-half or three per cenL, bnt small as this qmmtity 
is, it is esBential ; in met, no plant can \ofD% remain in a 
Tigorons state if it be not r^;alarly supplied with food con- 
taming all these four elements. A certain amount of inorganic 
matter, derired frmn the soil, is also taken up by the roots 
through the medium of water ; and these substances^ though 
moro abundant in some kinds of plants tiian in others^ are abo 
indi^ensable to perfoct yegetation. They aro easQy detected 
by burning, as they are not destroyed by tiie action of firo ; 
and thus, when a rick of hay is burned, a smaU quantity of 
flinty nutter is fonnd to remain, which is^ in foct, the mlex 
absorbed by the plants^ of which the hay was made, while 
they were in a liring state. The proportion of inorganic 
matters found in plimts is rery small; the greatest being 
about ten per ceoX^ as in the straw of wheat and barley, and 
other grasses; and the least not occeeding four or eren 
two puts in a thousand, as in the oak and some other f<nrest- 
treesw 

115. neor^omeybmf of plants consists of carbonic add gas, 
wat», and nitrogen, the last bein^ generally in the fi»m of 
ammonia. The carbonic acid gas is obtained partiy from de- 
caying rq^etahle matter in tine soil, and partiy from the 
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atmosphere. In the former case, the carbon of the soil attracts 
oxygen from the atmosphere, and the gas so formed, being 
dissolved in water, is absorbed by the spongioles of the root ; 
in the latter, the carbonic acid is derived directly from the 
atmosphere, and absorbed through the leaves. The water, 
which yields both oxygen and hydrogen, is obtained chiefly 
from tne soil, but it also enters by the leaves ; and the am- 
monia is absorbed from manure and decaying animal sub- 
stances, though part of it appears also to be obtained from the 
atmosphere. Thus, all the elements which form the organic 
part of plants may be obtained from the atmosphere without 
any aid from the soil, and probably are so occasionally ; though 
only carbonic acid gas seems in ordinary cases to be habitually 
derived from that source. 

116. The inorganic matters taken up by plants are derived 
entirely from the soil, and must be dissolved in water before 
they can be absorbed. They consist of the primitive earths, 
various kinds of salts, and a few minerals. The salts are com- 
posed of some kind of acid, and a base with which it can 
combine ; the bases most common in the vegetable kingdom 
being the three alkalies — potash, soda, and ammonia. Of 
these, potash is by far the most abundant ; and it is indeed so 
common in almost every plant, that their ashes are used for 
making ley,' a substance composed principally of potash, and 
used in washing coarse lineui The leaves generally produce 
more potash thaii the wood, from the quantity which is lodged 
in the tubes of woody fibre in their veins, f^itre or saltpetre 
is a neutral salt, formed by the combination of nitric acid with 
potash, which has a powerful effect on vegetation. Soda is 
found abundantly in plants growing near the sea, and it is 
frequently obtained by burning sea-weed. Ammonia is found 
in all animal manures, and, combined with the different acids, 
it forms various salts, which, however, are not so common in 
plants as the salts of potash and soda. All animal and vege- 
table substances containing nitrogen evolve ammonia in its 
volatile state during decomposition. The primitive earths are 
found in plants either in a pure state, or combined with car- 
bonic, sulphuric, muriatic, or phosphoric acids. Albumen and 
gluten, which compose the principal substance of seeds, always 
contain a small portion of some kind of phosphate ; such as 
phosphate of lime or phosphate of magnesia. The oxides of 
iron and manganese are also found in many plants ; the latter 
more rarely, and in less abundance, than the former. Inor- 
ganic matters are thus necessary to the development of every 
perfect vegetable, some species requiring them more largely 
than others; hence the importance of supplying cultivated 
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soils with, ibeat suIiBtanccfl^ in the fiBfm of sthnohuils and 
msmircs. 

117. The abmrfHom 4^ ^ food ^ ^faate takes place putty 
thioii^ the apoogicdes o€ the roots, and parti j tanmgh the 
Ijrmpnatic hans of the leareL AU the adbstuices taken np 
bj the roots aze mixed wkh a Teiy huge pn^Mvtiaa of wafcer, 
as oUierwise they could not pass thro«^ the mimite paseages 
b J which thejT are conre jed into eyeiy part of the plant ; hot 
the food abeorbed bj the leares ^ipeais to be in a moie con- 
caitrated state, tho^i it also must be either in a liqnid or 
gaseoos £irm. The Iiqnid taken np by the roots is known, 
as soon as it enters the plant, by the name of oa^; as is also 
that imbibed by the leaTes. 

118. The astimiiatioti of He food is a diemiral opentkni, 
but it diffeis from oidinaiy chemifal combhiatioiw in life 
bemg the piincqial agent. It is caDed crgtmie ekemUtrjh 
because perfozmed by the oigans of liviiig beings. Thna^ 
thoa^ a chemist may ascertain that seeds aie eoaopoaed ot 
carbon, with a small pn^nniicni of nitrogen, and tlut wood 
ccmsists pTJncqtally of woody fibro^ composed of carbmi, oxy- 
gen, sad hydrogen, the tubes of which hare been filled np 
with some kind of xDoiganic matter, it is not in his power to 
make either seeds or wood by cheniically conalunii^ the de> 
ments of which they are coropoecd, becaose life^ the prinripal 
j^genty is wanting. 

119. The jfl^ €f phmU is of two kinds; the ateemdimg o^ 
or lympk, which rises in spring and early summer, and which 
consists princ^aBy of the liqud taken np by the roots ; and 
the degcfffuUMg tap^ or proper jmce, which flows downwards in 
the latter part (^ summer and aatomn, and idiidii^peaiB to 
consist principally of the sap abscxbed by the ksres. 

120. The oMcemdiMg jqp amd the de M eem dim § mp are qnite 
different both in their a{^iearance and qualities. The ascend- 
ing s^ is thin and watery, and somewhat sweet ; but it coo- 
tains no noxHNis propertie% eren in the most poisonoas plants. 
The natiTes of the Canary Island tear the ban off a poiBOBOiis 
kind of EnphorlHa, whi^ grows wfld in that coontry, and 
find the ascending sap idiich they obtain from the albnnmm 
a re&eshing drink; thon^ the descending si^ of the same 
tree is of so acridanataro as to act as a can^icy and to bom 
the flesh of those who may hi^ipen to touch it. The ascend- 
ii^ sap of the ma{4e and some other trees is sofficiently sweet 
to make sugar by enqtoiation ; bnt the deaeending si^ of the 
same trees does not possess any sweetness. 

121. The sap heghu to aoeemd in *prim§f and continnes to rise 
tiU the leares are foUy developed, and b^;ia to imbibe noQzidi- 
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ment from the air. The principal current of the sap then 
descends by the ressels of the latex, and continues to do so for 
some time, as the ascending sap had risen, but not with equal 
rapidity. The force with which the sap ascends is so ^at, 
that a bladder tied over the stump of a vine, from which a 
piece had been cut off early in May, was torn into shreds bv 
the rising of the sap ; and by the experiments of some French 
and German botanists, it is found tnat the motion of the sap 
is generally five times greater than that which impels the 
blood in ihd principal artery of the horse. 

122. The sap ascends principally through the large dotted 
ducts in the aUmmumy but partly also by the tubes of the 
woody fibre, as may be seen oy cutting across the branch of 
a vine in spring, when the sap will be seen oozine out of the 
mouths of the vessels in large globules from the dotted ducts, 
and in very small ones from the hollow tubes of the woody- 
fibre. The ascending sap of idl plants is nearly the same ; if 
drawn from the tree just above the collar, it looks and tastes 
like water ; but if drawn from a higher part of the trunk, 
it appears thick and yellowish, like weak gum water, and 
tastes of mucilage and sugar. This change is produced by the 
ascending sap mixing with certain portions of starch (changed 
into sugar) and gum, which were deposited by the descending 
sap the previous season. 

123. The lymph or ascending sap always flows through the 
soft or sap-wood, and it spreads horizontally as well as rises 
vertically. It furnishes the cellular tissue for the leaves, 
stem, and bark, and deposits the earthy matter carried up with 
it in the woody fibres of the heart-wood, which, when these 
are filled up, llecomes dead, and xindergoes no further chan^ 
till it begins to decay. The sap only continues its rapid 
ascent till the leaves are fully developed, and then, though it 
continues to ascend, it is with little force, as the principal 
current of the sap is downwards. The change in the prm- 
cipal current of the sap generally takes place in trees about 
midsummer, or at any rate before the month of August. In 
herbaceous plants, it takes place at an earlier period, as the 
life of the plant is so much shorter ; and wherever the summer 
is hot and short, the sap descends sooner than in countries 
where the summer is longer and more temperate. 

124. The proper juice or descending sap always takes its 
principal current through the bark, though it also spreads 
horizontally as well as vertically. It contains all the peculiar 
products of the plants, such as milk, oil, and resin, which it 
deposits as it descends. It also deposits mucus, to form the 
first layer of liber or inner bark, within the epidermb, which, 
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_ I into the outer Imk ; and 
oQicr mucus for the fofmatinn ^rf" noodj filwe and thoK tiame^ 
of vhich a new lajer of nood is eoo^oaed. It then panes 
dovnvard to the loots vhich it haidens brits iraniMis de]^^ 
and to the t^ <tf viiich it sends matter fer froh cdfailar tissoCy 
to fam new ^oi^ioka^ while the epideimis czeqn over thoee 
that fi»mei] J ex^cd. 

125. It was at ame thme JBjyoicrf that the Ipn]A ch anged to 
pn^>er juice in the leares, ool j by thiowiiig i^ its snpeiflaoiis 
air and mostme, and that thb was done bj li^it decnnpoBng 
the carbonic acid sent np to the leares by the toots — the 

***JC"' ^""C *>«™«^ "^^ «**^ *^*^ en\ttm T wroamiiig tin 1>» t^mk^ 

Terra back into the pluit. This was called the Juuiiam tf 
eorSoa. It is now fivond, howerery that the Ijrmph is partial]^ 
deeompoaed in its iwwwBg c upmanh^ and that tibe oxygen A 
free is cazned by tne spiral tcsbcIs to the leaves, whoe it is 
exhalfd. The sopeiflnoDs water is abo canied there and 
eriiporated ; and Uie greater part of the caibon contained ia 
the descending^ sap is taken in by the leaves. 

126. The tmmm of grmrtk is the poiod of the ascent and 
draccnt of the sap ; and in those coantnes where i^mts have 
two seasons of growth, there are two peno^ rf this chance. 
This season varies in dmatian acccndin^ to the natme ai the 
tree. In the ash it is remaikably short ; and thon^ ths tree 
retains its leaves only far a short period, <^cnii^ them later 
and losing them sooner than many othczs^ its irood is re- 
maikably too^ The Scotdi pine gcnenOy finbhes its 
growth in the space of six we^s, and its yoimg shoots are 
remaikably stiff and erect. The lardi, on the contniy, vihich 
contimies growing all samma; has kng diooti^ which are vciy 
flexSUe aiM deader. 

127- The ripemim§ tf Ae oood rf yom^ ihoots is the com- 
plete feimation of the fiist layer rf vrood ; and in old trees it 
is the feimation rf a new layo- of a^wood, and the harden- 
ing of the a^vrood of the previous year. 

128. Whem the Imyer tf mem wood'is camtfietti^ nmctty and 
starch are deposited in itsreaads^ part of which oozes out in 
spring between the irood and thebaik, which it loooenB ftook 
<ach othe*; hence baik is easOy removed in firing. ThR 
sobstance is caDed cmmtimmiy and is saf^rased to be the fiist 
£onn of the matto- which aHenwanh becomes a new layer of 
a^wood. The rest of the mnrilage and starch d^osifted in 
the Tcasds of the albanram is supposed to mix vrith the 
ascending sqi, and to diai^ its otdoor and taste in the manner 
befine mcntiDned (par. !£). 

129. The mp wo o d it abprnft farmed from the d eacm d in g sq>; 
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and thus, if a ring of bark be taken off a branch, the upper 
part of the wound heals rapidly, and the branch increases 
above it so much as to bule^e out ; while the lower part of the 
wound does not heal, and tne branch beneath does not increase 
in thickness. Even tying a piece of cord tightly round a 
branch, so as to indent the bark and stop the current of the 
descending sap which passes through it, will make it swell 
. above the ligature, and prevent its increase below. 

130. Every plant appears to have some matter conveyed to 
it by the lymph which it cannot assimilate. When this matter 
is inorganic, it is deposited principally in the vascular tissue 
of the petioles and veins of the leaves, till they become choked 
up i?vdth it, and the leaves fall. The organic excrementary 
matter is, on the contrary, supposed to be exhaled from the 
leaves, or to be conveyed downwards by the descending sap 
(by means of the woody tube which passes through every 
root, even to the tijp of the spongioles), and deposited in the 
soil. The season of growth being finished, the leaves fall off, 
leaving, however, in the axil of each a little bud, to be deve- 
loped mto leaves the following spring. 

131. The fall of the leaf is supposed by De Candolle and 
many modem botanists to be occasioned by the deposition of 
inorganic matter in the veins and petioles, which in time so 
completely chokes them up, that tne leaves being no longer 
able to receive nourishment from, or to transmit it to the 
tree, first lose their succulency and colour, and finally drop 
off. M. Du Petit Thenars, and others, however, suppose that 
as the petiole elongates, the spiral vessels it contains unrol, 
till at last they reach their full extent and break ; then the 
leaf falls. Both opinions have been entertained by eminent 
botanists, but the former now appears to prevail ; and it is 
confirmed by the fact, that dead leaves, when burned, yield 
more earthy matter than any other part of the tree. 

132. The motion of the sap has been attributed to various 
causes by different botanists. Some suppose that it rises solely 
by the force of vital action ; others that it is drawn up by the 
leaves ; others that its particles are expanded and forced up- 
wards by heat ; and others that they rise by capillary attrac- 
tion. The theory of Endosmose and Exosmose, broached by 
M. Dutrochet, is founded partly on this last opinion. This 
celebrated . botanist discovered that small bladders of either 
animal or vegetable membrane, if filled with milk, and se- 
curely tied, when thrown into water, absorbed a quantity 
of that fluid and acquired weight; while, on the contrary, 
if the bladders were filled with water, and thrown into milk, 
they lost weight, from the water being attracted through the 
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into ihe milk. From these, snd other cspen- 
menti^ he coochided, thst if two Ihnds of unequal deositjr 
be sqnnted hj a mwiilMranc, the heaTier fluid will attzact 
the lighter one throog^ that membrane ; and this he applied 
to tlfte aaccnfc of the aq>, as he siqiposed that the greater 
desuity of the aap contamed in the tree attracted the thm 
and li<iaid Ijm^ taken up by tiie root& He ako frand, 
that if an empt^ bladder immieraed in water had the nega- 
tire pole of a Galranic battery introdneed into it, wnile 
the posEtire p(4e was u^died to ihe water outside^ a passage 
of fliiid would take place through the membrane; ao tli^ 
the rise of ihe a^> m^it be effected in tliis manner br the 
agiaiej of ^ectneitj. 13ie pa au ag e of the water throng the 
membrane he called emdonmtte, idien the attraction was from 
the outside to the inside ; and earonmote, when it was from the 
inside to the outside. Applyii^ this thcorj to treea^ it is said 
to be bjcaidoemose that water is absinbed, either froin the 
atmoqphoe or the earth, and that the ascending aap is drawn 
upwards. Another mode of aecoonting for the ascent of the 
sap was suggested bj Da Pedt Thooars^ iHio isof <nHnion, that 
as soon as the wannth of spring has eamanded the partides 
of s^ that are contained in the bnds, uieir corerii^ begins 
to sw^ ; and as their size increases^ fr^sh aap is attracted out 
of the adjoining part^ to sopfJj the additional cdlnlar tissue 
that is required. The parts thos emptied of their sap are re- 
filled immediately by 8a^» frmn those below; and thus the wh<de 
floid is set in motioD, from the extremi^ of the branches 
down to the roots, hk cotroboratian. ci this last opinion, is 
the £Kt, weU loiown to fixresters and gardeners^ that in spnng 
the s^ always begins to more first at the extremity of the 
brancheSb Dntroch A's themy, howercf^ seems to be pr e JEei r ed 
by the greater number of botanists. 

133. ^n aentwmlmii&m 9/ tike *ap takes place occaoonally 
without appearing to cause any dcm^ement in the ordinary 
functions of the organs; thusy nature not oaly lays up a store 
of elalKHated juice to be reai^ to denend at the prc^yer time 
erery growii^ season, but also an accnnralation, when neces- 
sary, &r the production of flowers and fruit It ^ipears that 
the sap must be thickened by the Tarions operati«is it under- 
goes in the leaTea, beCmre it be smtaUe mr these purpoeesL 
It is also obeerred that the thickening of tiie asp, whidi is 
necessary fiir its accumulation, does not take ^ace without 
the aid of heat and solar li^t ; and thu8» in cold wet situa- 
tions^ plants seldom produce so much fruit as in warm and 
dry <»es. Abundance ci carbon and mtrogen is frnther 
necessary; and acamtififi cultiTaton^ fasriiig ofavrred these 
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facts, take advantage of them when they wish to throw trees 
into fruit, by keeping the roots so near the surface, as to be 
within the reach of atmospheric air, from which they obtain 
carbonic acid and nitrogen. They also bend the branches in 
training them against a wall, so as to prevent the too rapid 
descent of the sap, and to force it to accumulate in those places 
where they wish flower-buds to be produced. If a rmg of 
bark be taken off a tree in spring, tne sap will rise just the 
same as usual ; but when the sap begins to descend, a pro- 
tuberance will be formed just above the ring, which will be 
occasioned by the accumulation of the sap ; its further descent 
being stopped by the removal of the liber, which contain the 
vessels of the latex. This theory also explains why gardeners 
sometimes ring the branches of trees in order to throw them 
into fruit. 

134. The quantity (^ water thrown off by the leaves of plants 
during the process of assimilation is very mat. Before sun- 
rise, even in the driest room, water may be seen hanging on 
the under side of the leaf, like drops of dew ; or running down 
from the point, as though the leaf had been exposed to rain ; 
but the heat of the sun soon dissipates this water, by convert- 
inff it into vapour. Hailes found that the quantity of water 
exnaled by the leaves of a sunflower three feet and a-half 
high, was from twenty to thirty ounces in twelve hours, or 
about seventeen times as much as is lost in the same time 
by perspiration in a healthy man. !lf*lants exhale most mois- 
ture when exposed to the heat of the sun, as this powerful 
agent excites the vessels to more rapid action ; hence newl^ 
transplanted plants are always put in the shade, lest their 
evaporation should be greater than their weakened roots can 
supply ; and hence, also, when plants want water, their leaves 
flag. The leaves of succulent plants have scarcely any stomata ; 
hence they bear the want of water for a considerable time 
without injury. In some leaves, such as those which are pin- 
natifid or pectinate, there is very little cellular tissue ; but the 
principal ribs of the vaiation are always perfect, and it is 
through these that the circulati(m and elaboration of the sap 
is carried on. It was formerly supposed that in darkness plants 
gave out nearly as much carbonic acid gas as they had absorbed, 
and absorbed nearly as much oxygen as they had given out 
during the day ; but the experiments of Professor Daubeny, 
at Oxford, have proved that this is only the case when plants 
are in an unhealtny state. There can be no doubt that ail the 
vital actions of a plant are stimulated by heat and solar li^ht ; 
and it is well known that colour is chiefly dependent on light, 
as plants grown in darkness are nearly white. If air be par- 
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tiaUy or entirelj excluded, the plants become etiolated^ or 
blanched ; their stems and leares want finnness, then* flowers 
are imperfiecily dereloped, and their firoits do not ripen. 

135. The progre tM of a tree from germination to maturity is 
comparatiTdjr rapid, particnlarlj during the first yean of its 
existence, as it ereij year increases in size by the deposition of 
fresh layers of wood and the formation of additional branches. 
It also increases in height by new matter forming at the 
extremity of its ascending shoot, though not by the distensicm 
of any part already formed. This has been prored by inserting 
p^s in the trunk of a tree, which, in the course of two or 
three years, were found to be still at the same distance from 
each other as at first, though the tree itself had increased 
considerably in height during that period. 

136. The progre u of a tree from maturity to decay is slow. 
For some years after it has reached its full growth, rery little 
change is perceptible; but at last the heart-wood b^^ns to 
decay in the centre, and graduaUy wastes away, till <mly a 
hollow trunk encased by IHtle more than the alburnum and 
the bark is left. The rigour of the tree is now soisibly dimi> 
nished ; but as the circulation of the sap is carried on in 
the alburnum and bark, buds are still formed ; though tiie 
growing point seldom dongates itself into a branch. The 
flowers and fruit next cease io be produced, and finally, eren 
the leares disappear. Life is now extinct ; but the tree still 
stands, till it becomes rotten at the base from the moisture 
of the soil, and then the first storm that comes blows it down. 
By and by it crumbles into r^^etable mould ; but this decom- 
position is strictly a chemical process : it takes place in Teee- 
table just as in mineral substances, and has no connection 
whaterer with otganic functions. 



0B6AXS OP BSPBODCCrHMI — FUnm-BUDS, PLOWEB% FBCTT, A5D SEED, 

137. Ths obgaks OF BSFBonrcnoK are the flowers, the 
fruit, and the seed ; and these, or some modification of them, 
must exist in every perfect Phanerogamous or flowering plant. 

138. Flowes-buds are produced like leaf-buds, from which 
they differ chiefly in containing one or more incipient flowers 
within the leayes; the flowers being wrapped up in their 
own floral leaves, or bracts, within the ordinary leaves, which 
hare tiieir usual outer covering of scales. The growing point 
is generally developed when the leaves erpand, but it is short 
and stonted, and unlike the branches proauced from the leaf* 
buds. Every flower-bud, as soon as formed in the azU of the 
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old leaf, contains within itself all the radiments of the future 
flowers. If a hud he gathered from a lilac or a horse-chestnut 
very early in spring, all the rudiments of the future leares and 
flowers will he found within it, though the hud it«elf may not 
he more than half an inch lon^, and the flowers not higger 
than the points of the smallest pms. 
139. Bracts are leaf-like hodies, which appear to hear the 




Fig. 54.r-Bractea of the Christmas Rose and the Lime -Tree. 



Fig. 55.— The Spathes of the Arum and the Narclssas. 

same relation to flowers that stipules do to leayes. In some 
cases the hract appears to form a sheath for the flower, as in 
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ilie fime (see h in fig; 54) : in otheis it icsembks a ealyr, » 

in the Clizistnias rase (a). In some plants the bract takes a 

tube-like shape, when it is caDed a 9paike, as in the Aram (a) 

and the Narcissos {h, see fig. 55) ; in Oftiieis it snpplies the 

place of a floTal cnTelope, as in the 

ghtme of the oat (fig. 56). When two 

or more bracts are jcmied together, 

they fi>Tm an involuere (see a 5 in fig. 

57) ; and when reiy numerous, th^ 

fi>rm a cujmU, or cup, as in the husk 

of the chestnut and Uie beech, the cup 

^ of the aconi, &c. BrKts^ when Teiy 

small and membranous^ are called 

_, ^ ^-.«^ J«*o» M those of the florets of the 

Rs56.-(n«iiiierfaeO«t dahlia ; and when imbricated, j«iA», 
as in the globular inrolncre of the cotton thistle. The small 
leaves firand growing on a flower-stalk below the smaller tufts 
of flowers are called braetioles or bracUeU (c in fig. 57). 




Fl^gw— IPToIacgcsrf ttePhloxtfluMrfa uiMH ' P kiBini aef^); and 
Bactioles of the Phlox <e>. 

140. The ftaUc of a single flower is called the peduncle; but 
if sereral flowers be clustered together, the axis, or central 
stalk, is called a raM*y and the stalks of the separate flowers 
pedieek. When a flower has no peduncle, but is directly 
attached by its base, it is said to be tegsUe. 

141. The oHivatum of flowers s^;nifies the manner in which 
ihey are fMed in the bud, and ths diffieis in difierent plants ; 
as^ for example, the pc^ak are crwm^iled in the poppy. 
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plaited in the petuniOy convolute in the pink, and tvnsted in 
the convohoulus, 

142. The position of flowers on the branch is either terminal 
or ojnllary, and they are produced either singly or in clusters. 

143. The forms of inflorescence, or manner in which flowers 
are arranged when several are produced together, vary exceed- 
ingly ; but the following are the most common : — A raceme 
is when numerous flowers are produced on an elongated simple 
rachis, each flower having a separate pedicel, as in the labur- 
num ; a ihyrse is a raceme with branched pedicels, as in the 
lilac ; a panicle is a loose thyrse, with the flowers on long 
pedicels, as in the oat ; a spike has its flowers sessile— that is, 
without pedicels, on an elongated ample rachis, as in the 
veronica, or speed-well; a spadije is a spike with a thick 
fleshy rachis, on which the flowers grow all round, and as 
closely together as possible, as in the arum ; an amentum, or 
catkin, is a spike, the flowers of which have bracts instead 




Fig. 58.— Raceme, Spike, Umbel, and Cyme. 

of floral envelopes, and the rachis of which is articulated, so 
as to fall when it withers, as in the walnut and the poplar ; 
a head of flowers has a great many sessile florets attached to a 
flat or globular fleshy axis, called a receptacle, which is sur- 
rounded by an involucre, as in the daisy ; an umbel is a head 
with the florets on pedicels, and the axis not fleshy, as in 
the parsley ; a compound umbel has several small umbels on 
branched pedicels springing from a common axis ; a corymb 
has some of the pedicels of the flowers longer than others, so 
that the flowers form a flat head, as in the yarrow ; a cyme 
has the pedicels of the same length, so as to form a round 
head, as in the elder ; and & fascicle, or bundle, as in the Sweet 
William, is a kind of compound cyme. 
144. TAcmoiwo/caywTmon are the different ways in which 
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dosUn of flowcn open. Wbcn a ^Mke is coiled, and nmob 
WB the floweis open — as in the Fo^set-me-not — the mode of 
erpamann i8 aaid to be fynrfe. When cfaistcis of flowers bcjiin 
to open fiist at the hooe, or in the onter drde, their mode of - 
erpamann is aid to be eaUrip Hal; bat when the 
flowcx% or thoee in the inno- circle, open fint, their i 
is caDed eemirifrngaL Sometimes tne mode of cxf 
incgnlar, bat this is gcnenUj when some of the floicts aie 
abotttre. 

145. A vunrxKoonaistsof a^BtilyandoBeormorestamena^ 
haling gcnersDj one ormore corerings called flonl enrelopcsy 
to protect the stamnw and pistil, which aie drstined for the 
prodnctian of the seed. To ondentand the ^ipcannoe of 
these parts^ we need only take a rose, the green eoreting of 
the boid of which is called the embf^, and the pink part the 
^orolZa. These are the two fioial cnydopeiL When the rose 
opens» it di^lays in the centre td its coci^ a bondi of jeDow 
thread-like sobstanccs, which are the Mtmrntems^ and in the 
middle of them, thoa^ scarcel j to be peroored, is the pisUL 
Other floweis hare the sune parta^ as shown in fi^ 59. 




14fi. Whem &ere mre imo Jhr^ encdSppes, tiie ooter one is 
called the calp, and the inner one tiie carofls/ bat when there 
is only one, it is caUed the caljx. When the calrx and 
conJla are so mixed aa to be scaredj distingaidiable horn 
eadi othefv as in the tnl^ tiie flonl enTckpe is caDcd tiie 
ferimmA; and this term b sometimes ^iplied to tiie caljx 
and eeeoOay when not confinindcd together. When there is 
no flonl envdc^w, flowcn are said to be mmimhmt 

1^. nedieinsM^I&ccnlytr are called Jijpal^ and thon of 
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the corolla petais ; when the calyx and corolla are confounded 
together, the divisions of the floral envelope are called the seg- 
ments of the perianth. When the divisions of the coroUa 
adhere at the margins, so as to appear united, the flower is 
jsaid to be monopetahus, 

148. The calyx f when there are two floral envelopes, is gene- 



Fig. 60.— Calyx of Thorn Apple, Pink, and Campanula. 

rally shaped like a cup or chalice, whence it takes its name 
(see g in flg. 59). In some plants the lower ]>art of the calyx 
is united into a tube, and the up^er part only is divided ; when 
this is the case, the upper }>art is called the limb. The limb 
of the calyx is generally said to be divided into hbes^ or seg- 
. ments ; but in some of the Composite, it is cut into a kind of 
fringe called pappus^ as exhibited in the thistle, it being the 
part which crowns the seeds, or rather pericarps, of that plant, 
and by means of which they are dispersed by the winds. 

149. When there is only one floral envelope^ the calyx gene- 
rally takes an irregular form ; and this is also the case where 
the petals are less conspicuous than the sepals. In the lark- 
spur, for example, the calyx takes a calcaratey or spur shape ; 
and in the mouKshood, a galeate, or helmet shape. 




Fig. 61.— Caryophyllaceons (r), Rosaceons (a), Cnicifonn {b). 

160. The corolla varies considerably in form, particularly 
when the petals are distinct. Of the polypetalous corollas, 
the most regular are the rosaceous (fig. .01, a), forming a kind 

E 
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, fike the nse ; Oe trwafmm (h\ horn 
pdals liciw placed m the tern of a Gicck oob; 
r«ijipiii|ff«ii«ii {€\ Hketiie ]«ik— the kttcr hcio^ 
dble ftr itB pelala^ whidi hare m ^cxj ka^ 
inckeed in the caljnE, aod a Iscwd 



the 





SpnttSBB. 9 y 



The 04^1^ most mtacsCzBg^ §arw& of this hind of < 
the liteww (%. 6S. m\ like the conoKQ mT- ; the 
^rma^^parrei {h) ; and the ^uy pfl gj i afmiw (e), » caDed €niai 
its FEsembljBBce to a haUqlji. The latto- coevdla codsIb of 
fire petals^ die largest <£ which staads elect, and ii caDcd Ae 
or standard ; two saaDer ones hdow are called Ae 
«r wings; and tibe lower twDi, which are unked ia die 





Up IB rwnirti*! *), 



<r^,l 



lonn of a hoaly aore caDad die carina, or ked. 
odier cnioas fKms of conAsy siidi aa those of the 
fariat, die mdhOmum, the arvrfclKfciaK, &c Of tin 
pctefawr eoeoOay there are addoBB HMse dan aix TCf^hnr 
niMfhr, ni^U (fir. 63L a), or wfaed-dhapcd, like the 
ieqm;'4aiyaaahfp(&), or heO-diffied, like the caa^ 
hmmLimiifmm (r), or salTW-dnped, like the aaBciiIa ; 

«mi£fer«rldtdM«hape^^ and 

tte the Mm sotoik Of the iDcgnkr tew, die 



ffa/a»- 
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are, tbe personate (6 in fig. 64% or masked, like tbe snap 
diHgtm ; the ringent (c), or gaping, like the sage ; and the 




F^. ei—Penonale {b), lufimdibvlifonn (a), Bingent (c). 

labiate^ like the thyme— the last two being nearly allied to 
each other. 

161. The use of the floral envelopes is solely to protect the 
stamens and pistil from injury ; and thns, though we arc in 
the habit of considering the corolla to be the flower, it may 
be wanting without injury to the plant ; so that a flower may 
he without petals, or any other floral envelope, the important 
parts being the stam^A and pistil. In the same manner, 
every seed-vessel is, in the language of botanists, considered 
a fruit, the botanical nse of the miit being only to serve as 
a covering for the seed. 

152. The stamensy when perfect, consist of a stalk or filament 




F(f . 65.— Diflferent Forms of Stamens. 

(a), supportmg a roundish or oblong body, called the awUter , 
(6), the cells of which are filled with a fine dust called the ' 
poUen (c, see fig. 65). The filaments are generally long and 
slender, like threads ; but they are sometimes broad and leaf- 
like, as in the water-lily ; and sometimes they ore wanting. 
The anthfin tat of vaxions fi3iai>es, but sre always hollow, and 
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commoiilT in two eeflsy miitod bj a imt called t^ cvmer- 
tice. When the poUcn is ripe, the edls <^wb gencnll j bjr « 
Idnd of slit ; but sometimes, at in the h aib e uj, hj a nl^e, 
wfaieh becomes detochcd at the base, and cmls np w ai d. All 
the healh-tribe hare a souil hole or pore in the vpper part of 
each cell, through whicb the pcdlcn mes when it is <ioke i^ie. 
There are three kinds of anthers^ umelj, mimaie [4\ in whidi 
the filament is attached to the bade of the connectire, fiom 
one end to the other ; taaofe {e\ in which the filament b in- 
serted in the lower part of the ocmnectiTe ; and txneiiU (/), 
when the filament is inserted in the middle of the oonnectiTe, 
but so slightlj, that the snther moves with erciy bnese. The 
oonnectiTe is sometimes drawn oat into one or'two ^ar4ike 
bodies called ^ipm ^sfpr, as in the whortlebcrnr and the Tkdrt. 
The poDen, thoii^ to the naked eje a|^iaraitl y onl j a fine 
dost^ will be finmd, when eraminrd bja powerfid microscopev 
to consist of a number of c nriuu s l y fbnned gnins, eadi ^ 
whidi is fiDed with flnid. The sh^ 6i all ^ pdkn gnins 
of one genns is the same ; a% fi« exam|^ in all the species of 
ereningprimroaey th^are triangnlar; those of tiie ^ider wort 
are cylindrical and curved, and those of the bladder senna are 

Xre. EaA gain has two disrinrt m i eilug% and the finid 
h it mntaimi is crowded with a mnltltade of minate 

particles^ all in actire mo- 
tion, and gcnaaDyqaifcedis- ^IS^A /M ^^ 

tinct from each other, thoogh ^mS^^^w i 1^ 

the laigest is not more than ^ ^K^W - if ^ f» 

the fire-thoQsandth part of 

an inch in length. In moat 

cases the grains of pollen are 

also qnite distmct; bat in 

the erenii^ primrose thqr 

are coonecied by dender 

threads, and in some other 

genen they adhere indns- 

ten. In the orrhidacer and 

the asd^edacec the grains 

of pollen fonn solid and 

wax-like maases. When the 

pollen £dls npon the stiema, 
, each grain sends down a long 
' slender tnbe, throogh which 

the floid it eontams, and all 

its mimitft paiticlea,are car- 
ried downwardsto the ovary. 

153. The piclileooristB of m hollow part cdled the 




I 
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seed-vessel (a in fig. 66), which is generally surmounted by 
a hollow tube call^ the style (6), supporting a porous sub- 
stance termed the stigma (c), which is not covered by any epi- 
dermis. The stigma is of various shapes, and sometimes it is 
even leafy, as snown in fig. 66 at d. It is most commonly, 
however, divided into sever^ lobes, sometimes called stigmata, 
as shown at c. Fig. 67 shows some remarkable f9rms of the 




Fig. 07.— ^Forms of Pistfllnm. 

pistil, one of which has the ovary (e), with a very small sessile 
stigma at the tip, at the extremitv of a long stipes or stalky 
caUed a gynophore, which looks like a style^ the part which 
looks like an ovary below, at /, being the receptacle which 
bears the stamens. The caper has this kind of pistil. The 
ovaiy, when young, will generally be found, if cut open, to 
be mvided into cells by partitions which are called dissepi- 
ments, or septa; but fliese partitions frequently disappear 
altogether, or at least become miperfect in tne ripe fruit. In 
all ovaries there is a kind of string or nerve called the pla- 
centa, to which the incipient seeds, or ovules, are attached ; 
and which, when it adheres to the sides or walls of the ovary, 
is called parietal; but when it forms a column in the centre, 
is said to be free central. The ovary is generally sessile, but 
it is sometimes placed on a short thick stalk, called a stipe. 
When there are several ovaries in one pistil, they are called 
carpels. Enclosed in the ovary are the rudiments of the 
future seed, which are called ovules. When these are first 
formed they are quite soft; but if closely examined, they 
will be found to consist of two or more skins with a little pulp 
inside, each having a very small opening, which is impercep* 
tible to the naked eye, called the foramen. When the tube 
of the pollen descends into the ovary, it enters this little 
opening, and thus the fertilising fluid is conveyed into the 
ovule. 
IM. The disk is a solid fleshy part at the base of a flower. 
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wfcidi aupein to sawe as a ftmidatioQ for ihe other paits. 
When tiie disk aapporta immeioiiB floretB or caipelSy it is 



Fig. a.— BcoeptMleBaf Baspkerry i«) ; Stzawbeny {^) ; Xeuel (c). 

caDed a receptacle, as the receptacle of the daisy, the teazel, 
&C. (c in fig. 68). In some plants, the leo^tade becomes 
detached from the caipels when they i^en, as in the la^ 
beny (a), and in others it heoomeB disfcoided and jnicy witti 
the ripe carpels still upon it, as in the strawberry (5). In 
other cases, the receptacle Imes ihe calyx which sorroonds 
the oraiy, and becomes the fleshy part of the froit, as in the 
^ple and pear, the peach, &c. ; and s om e ti mes the lecCTtade, 
tamed inside out, endoees the flowers and seeds, as in tne fig. 

155. Appendaget of a flower are those parts the nse and 
natore of which hare not beoi exactly defined, and wfakdi 
Limunis called by the general name of neei4trie8y fiom the foct 
that most of them secrete the saccharine fluid or homy firand 
m many flowers. Of these appendages or snpemnmoary 
parts are the rays of the passion-flower, the tnnnpet-«h^e^ 
eop of the narcisBos (5 in ng. 62), the sole at the base o€ the 
petals of the botter-cnp, the induanm of the Lechenanltia, &c. 
These appear, howerer, to be abortire oigans ; aa^ for example, 
tibe rays of the passion-flower are impenect stamens, and the 
corona of the nardEBBns oanasts of ihe fibrnifnts of imperfect 
stamens erown together. This tendency of the parts of a 
plant to diange their fiirm by growing together, is&eqnently 
exemplified in the leaves and bracts. 

156. A FBUn, in botanical langoage. Is simpty a seed-Teasel, 
which is sometimes enyeloped in a hard and dry, and some- 
times in a flediy cohering, or pericarp, 

157. AU seedr-te$ieb are eUker dekiieent or indehiseenL They 
are called dehiscent whoi they opesi natorally to discharge 
their r^ seeds, and indehiscent when they do not do so. The 
place cf <qiening is generally marked by lines or tuturetj and 
the parte into which they separate are caDed vahet, llie 
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deliiseence of a seed-vessel Is said to be septicidal when it 
opens at the dissepunents, and loculicidal when it opens be- 
tween the dissepiments ; but these last two terms are not in 
general use. 
158. The most common hinds of seed-vessels are the follow- 
^ inff : — The fMicle (see fig. 69), a 
y dehiscent many-seeded carpel, with 
one yalve and one suture, generally 
growing two or three together ; and 
the legume (a in fL^, 70), a dehiscent 
many-seeded carpel, with two valves 
and two sutures, th« placenta bearing 
the seeds being attached to the dorsal 
or back suture. The capsule^ which 
is dehiscent, dry, and many-seeded, is 
composed of several carpels joined 
together, which either form one large 
Fig. es-Foiiicies. ^^^ as in the ponpy, or are divided 

into several cells by the dissepiments. The silique, which is 
long and narrow, and the sillicle, which is short and broad, are 




Fig. 7(X— A Legume and a Pome, 



formed of two carpels, joined toother With a central mem- 
branous placenta ; they are deluscent, and open into two 



Fig. 71>— Ra^berry and ISTut. 

valves. The nut is dry, bony, one-celled, and indehiscent. 
Nuts are of various kinds^ from the haasel-nut (c in fig. 71) 
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to the hard bonj seed of the rose and ciaiggu a. The seed of 
the acer, ndiich is a nut, i» enclosed in a thin memhnDDe, and 
ealled a jonora, and the acorn is a not of a peculiar kiDd, 
caDed a gUimd. The loose coTerii^ of the filbert, and the cop 
of the acorn, are both different states of the inmimtre. The 
uAemimm is a drj, bonj, indebiscoity one-celled carpel, the 
pericarp of which drops with the seed, bat does not adhere 
to it; the caryopn#, on the cootrarj, is an indehiscent one- 
seeded memhranoos carpel, the eoTerii^ of which not onlj 
drops with the seed, but adheres to it firmly, as in wheat, 
the coTering of which is only separated after grinding in the 
form of bran. Of the other kinds of seed-resEelSy the jnfxis 
or figjndhum^ is a capsole which opens transrasely, as in the 
ana^Uis ; the eUtrio (a tom not in common nse) is a coUeo- 
tion of one-seeded bernes adhering together, as in the ra^berrj 
(d) ; and the ftfrry, whoi ripe, has nnmeroos loose seeds boraed 
in polls the seeds when nnripe adhering to pmetai pkuxnias^ 
as in the gooeebeny. The foate (6 in %. 70) is what is called 
a kemeled fruit ; that ia^ it conasts of two or mon cartilagi- 
nons or bony carpels, joined together, and enclosing the kemeb 
or seeds; the whole being sorronnded by the mhy lining of 
the tnbalar part of the calyx, the leafy lunb of which remains 

on when the fruit is ripe;, and 
is called the ctye, as in the apjde 
and pear. Tlie drvpe (see fig. 
72) is a stone fruit ; that is to 
> say, its seed or kernel is en- 
I closed in a bony nut, called the 
\endoear^; orer this is the 
I fleshy lining of the caIy3E, 
r which becomes a juicy pulp^ 
and is called the tarcocarp; 
and this is corered with a 
thick downy ddn, or epicarp. 
^ Itwinbeob6erTed,thatallthe 
r-^. :--Drupe seetim rf. F«*v f^^^ hitherto moitioned hare 

each ^rung from <me fiower. part of one of the floral enre- 
lopes of which (the calyx) lu^ become the pericarp of the 
seeds; in the ^, howerer, a great number of flowers are 
found in one fruil, which consists of the dilated receptacle of 
the florets ; and in the pine apple and bread fruit, the eatable 
part coi^lsts of the thickmed bracts of a number of flowers, 
which hare grown together, and become pulpy. 

159. Tee sexd contains the emlryo or germ of the future 
plant, which is goierally surrounded by a nutritious substance 
termed the aBfwmeu, The whole seed is coreied with a thick 
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skin or outer integument called the testa, one end of which 
has a strongly-marked round scar or Mlumy which shows 
where the seed was attached to the placenta. Sometimes the 
seed is sessile ; hut at others it has a little funicle or footstalk 
growing out of the hilum, or a thick fleshy skin called aa 
aaily hy wliich it hangs to the placenta. Within the testa is 
a second or inner integument, which is scarcely discemiblo 
from the first, and within this is the nucleus of the seed, 
containing the embryo. Near the radicle point of the em- 
bryo, and generally at the end opposite to the hilum, is a 
sm^l opening through both the integuments to the nucleus^ 
called the microphyle or foramen. Sometimes there is also on 
the testa, as in the orange, a mark where the skins of the 
outer and inner integuments join, which is called the cha- 
laza ; and a kind of nerve, called a raphe, which runs from it 
to the hilum. 

160. The chalaza marks the point of union between the two 
membranes of the testa and the nucleus, and it is alwaya 
exactly opposite the foramen. Sometimes it is close to the 
hilum, but at others it is distant from it, and the two are only- 
connected by the vessels of the raphe. These organs, which 
consist entirely of spiral vessels and ducts, without any woody 
fibre, are sometimes collected into a projecting cord, and 
sometimes beautifully spread over the testa, as m the seeds 
of the orange and lemon. In those seeds where the hilum ia 
exactly opposite the foramen, there is no chalaza, and of course 
no raphe, as the one cannot exist without the other. 

161 . The axil is a fleshy substance, which envelopes the seed,, 
covering the testa. It is only found in some plants ; as, for 
example, in the nutmeg, of which it forms the mace ; and in 
the seed of the enonymus, or spindle-tree, in which it is un- 
usually large. It serves as a kind of funicle, and is, in fact, an 
enlargement of the placenta. 

162. The nucleus of the ovule consists of a soft pulpy matter,, 
which in the ripe seed becomes changed into the embryo and 
the albumen ; or the embryo only, if there should be no 
albumen. 

163. The albumen is the store of nourishment which nature 
has laid up for the support of the young plant, before its 
organs are sufficiently matured to allow of its supporting itself. 
In most cases this matter surrounds the embryo ; but some- 
times it forms part of the cotyledons, and at others it is want- 
ing altogether. Even where it exists, it varies very much 
in quantity, sometimes being much smaller than the embryo ; 
while in other cases, as, for example, in the cocoa-nut, the 
albumen weighs as many, or more ounces, than the embryo 
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does grahis. The albnmeD raiies in qoality as much as it doss 
m quantity. It is goierall v fleshy, as in tlM pea and bean ; 
bat sometimes it is foinaceoos or flomy, as in the wheat and 
in the manrel of Pera ; at other times it is oilj, as in linseed ; 
homy, as in tiie coffee ; or eren stony, as in the kind of pafan 
whose seed forms the sohstance calkd TegetaUe iroiy. In 
the nntm^ and the costard apple tribes, it appears to be per- 
f<»ated in erery direction by a mass of diy cdlular tissoe ; 
and an embryo of this kind is said to be rtammated, 

164. The outer integument of the seed consists of two parts, 
the outer mie of which is called the priminej and is meriely a 
cellnlar coating tra re n ed with reins ; the inner one, iduch is 
called the tectmdiney sometimes adheies so doedy to the ooter 
one, that it is difficult to separate than, unless the oTule be 
cxairained at a Teiy eazly p^iod of its growth. The outer of 
these coverings bein^ intoided to protect the seed from injuiy, 
is &eq[aaitly of a hard, bony, or leaiheiy texture, aivi its 
surfMse is generally smooth mA polidied. Simietimes, how- 
ever, the surfoce of the seed is rough, and it is either winged, 
or covered with tufts of hair, called comuj idiich are intended 
by nature to aid in the diq>ersion of the plant. The seed of 
plants belongii^ to the ascl^iadacec is covered with a fine 
silW down, and thai of the cotton pUmt with cotton. The 
seeds of the Black Italian poplars are also buried in a cottony 
substance. Oecasbnally the outer integumeirt is furnished 
with veins, so as to fona. a kind of ne^vofk ; and in other 
cases it foims a membranous covering, as in the seed of the 
orange. Tlie inner membrane is generallywhite, and so thin, 
that it loola like a lining to the other. When the ovule fint 
fbrma^ a portion of the inner membrane frequently projects 
at the foramm, havii^ the appearance of a little cup-shaned 
stigma, but this part disappears as soon as the p(^len tube has 
entered the foramen. OcoisionaUy there are three coverings 
to the ovule ; but whoi this is the case, the inner cme adheres 
doselv to the pulpy part of the seed. Sometimes there is a 
protuberance on the testa^ called a earuncte, 

165. The embryo of an exogenous plant is said to consist of 
three parts ; the radicle or root, the cotyledons or seed-lobes^ 
and the plumule or ascoiding shoot; but to these may be 
added a fourth, the collar or neck. Of these, every embiyo 
must have a rsdide and s plumule, with the ccmnecting 
point or coDar betweoi them ; but the cotyledims are not so 
essential ; and in some cases — as, for example, in the cydft- 
men and the dodder — they are wanting altogether. It is gene- 
raUy supposed that eveiy exogenous plant has two cotrledons, 
and hence these plants are called dicotyledomou* / out the 
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sycamore has three cotyledons ; the forget-me-not, and other 
plants of the same tribe, four ; and the pine and fir-tribe from 
two to twelve ; while in the horse-chestnut aijid the oak, the 
cotyledons erow together, so as to appear but one. In other 
plants — as, for example, in the marvel of Peru — ^the cotyledons 
are nneqal in size, one being neaily twice as large as the other. 
The cotyledons of this plant, and those of the svcamore, are 
strongly veined, like leaves, in the seed ; and the latter, which 
are very long, are curiously wrapped up in the bud. 

166. The position of the embryo in the seed varies in different 
plants ; but the root always points towards the foramen, as the 
root is the first part that makes its appearance, and it is always 
through this opening that the young plant emerges from the 
seed. The little hole that marks the roramen is so very small 
in the ripe side, that it would escape the attention of any bat 
a botanist ; but when there is no chalaza, it is always opposite 
the hilum, which is generally very conspicuous ; and when 
there is a chalaza, its position is marked by the projecting cord 
or raphe. The embryo is said to be straight wnen its radicle 
points towards the mlum, as in the apple and the pear, the 
cotyledons of which fill the whole seed, and are enclosed in the 
broadest end. In other cases the cotyledons point towards the 
hilum, and when this is the c€ise, &ere is no raphe, as the 
chalaza is always close to the hilum. In the primrose tribe, 
the embryo lies across the seed ; and in the convolvulus, it is 
coiled up in a spiral manner. It ia also often curved when the 
hilum is half way between the foramen and the chalaza. The 



Fig. 73.— Seed entirely flUed with the Fig. 74.--Seed with a large Albumen 
Embryo. and gmall Embryo. 

embryo is always in the same position in every plant of the 
same genus, and even of the same order. In i^. 73, A shows a 
seed of the candleberry myrtle, which is entirely filled with 
the embryo, cut in two. In this a is one of the cotyledons, 
h the radicle, and c the place between the cotyledons from 
Which the plumule springs, d is the foramen, and e the hilum. 
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B diows the embryo picked out of the seed -with the cot jle^ 
dons (a) partly dirided, and the radicle (6) before it b^;:nis to 
elongate. Fig. 74 at A shows the outside of a seed of the red 
currant, with the chalaza at a, the r^he at 6, and the hilum 
at c. B is the same seed rolit in two, showing the section of 
the raphe (6), the large albumen {d), with the little embiyo 
at the base, with its root pointing towards the hilum (c), the 
foramen being just above it. 

167> In every ripe teed a quantity of nearly pure carbon and 
a small quanti^ of gluten are laid up for the nourishment of 
the future plants either in the albumen or in the cotyledona. 
The latter, when not fleshy, always rise above the snr&ce of 
the gn^und in the shape of leaves (called seed or seminal 
leaves), though their form is difierent from that of the true 
leaves. Sometimes fleshy cotyledons do the same, as in the 
lupine ; but goierally they remain in the ground, as in the 
horse-chestnut, the oak, and the broad bean. The cotyledons, 
whtai leafy, fdl off when the true leaves expand ; and when 
they remain in the ground, they gradually waste away, as the 
nouridmient they c<mtain is required by the young phmt. The 
same thing takes place with the seeds when they are albumin- 
ous. All the plants in the same g&ms have sec^ of the same 
kind as regards the position of the embryo and ihe albumen. 

168. Tke embryo of endogenous pianU is usuaUy a solid 
cylindrical or roundi^ body, without any appearance of being 
divided into radicle, plumule, and cotyl^ons, till it begins to 
germinate ; hence these plants are said to be monoeoiyletkmous. 
In germinating, the single cotyledon always remains in the 
ground, enclosed in the testa of the seed, while the root pro- 
vides and elongates considerably before any plumule appears. 
In some of the endogens, the embiyo has a second or accessoiy 
cotyledon ; but this is always very small and imperfect. 

169. From the structure of the embryo the terms dicotyledon- 
ous and monoeotyledonous are generally used indiscriminately 
for exogenous and endogenous ; while cryptogamous, or flower- 
less plants, from being propi^ated by sporules inst^d of seed, 
are said to be acotyledonous ; that is, without any cotyledon 
idiatever. 



FC1ICX10:CS OF THE OBGA53 OP BEPBODCCTKKC 

170. Thb fdhctioss op thb org aits of keproductkhv are 
strongly marked ; for, as the production of the future plant 
entirely depends (m the formation of the seed, more than usual 
means have been provided for CT»ahling pLuits to lay up a 
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stock of nutritions sap for the formation of the different parts 
of the flower. The proper juice, which has been matured in 
the leaves, passes through the peduncle to the caljx, which 
is generally furnished with hairs, to collect moisture from 
the atmosphere, and thus enable the plant to procure a 
sufficient quantity of nitrogen, as the starchy matter con- 
tained in the proper juice requires to be converted into sugar 
before it can afford nourishment to the organs of reproduction, 
and this sugar it deposits in the disk of the flower. This 
process is repeated by fresh sap constantly rising, and none 
returning, till at last the disk of the flower becomes so charged 
with sugar, that it escapes in the form of honey. In some 
cases this liquid honey is so abundant, as to half-fill the cup 
of the flower, as in the Nepaul tree rhododendron. The sugar 
thus deposited serves to nourish the stamens and pistils, the 
anthers enlarge, and their cases become filled with pollen ; 
while, on the other hand, the ovary forms, containing within 
it the ovules or incipient seeds. At length the anthers bui-st, 
and the pollen falls on the stigma, which exudes a slightly 
glutinous fluid, to which the grains of pollen adhere, and each 
then sends down a delicate membrane in the shape of a tube, 
which passes between the cells of the style, and entering the 
ovary, penetrates each ovule through the foramen. 

171. The curious formation of the grains of pollen has been 
already alluded to ; and it will be seen, on a close examination, 
that the outer coat of the grain bursts when it is ripe, and 
that th« inner coat elongates itself into the shape of a tube. 
The cells of the stigma are also beautifully contrived to admit 
the passage of these tubes, as they are long and extremely 
loose in texture ; at the same time so moist and elastic, as to 
be easily compressed when necessary. It is so contrived, that 
the minute particles contained in the grains enter slowly to the 
ovary, as it seems necessary that the fecundating matter should 
be admitted by degrees. It is also necessary that the tube 
should enter the foramen of the ovule, and as the ovule is not 
always in a proper position to receive it, it will be found to 
erect itself, or to turn, as the case may be, while the granules 
of the pollen grains are passing down the tubes. The tubes 
of the pollen grains do not appear till the pollen touches the 
stigma, and they then graaually elongate, forming fresh 
cellular tissue at the extremities, till they become sufficiently 
long to reach their destination. The formation of the new 
cells at the extremity of the tubes may be seen by a power^ 
microscope. The ovules arc also fed at the same time by 
starchy matter absorbed from the ovary through the placenta, 
to which they are attached. 
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172. Wkem <fte ued hms teen fecmtdmied fly ^ peOen, the 
petah and stamcsDB of the flower £ide, bat the cal^ mmetm 
rauuns nttached to the orary, in which the aeeds now rmfidij 
derelope themsdTeSy bang fed with the ndi sap whidi con- 
tinocB to rise thioogh the eedmicle. In most West trees, the 
perieoFfimwty or eoveriug of the seed-Tesad, isdij ; bntinfroit 
trees it is fleaby. When this is the ease, it is geiMerailj a part 
ci the disk which becomes '^ataVtf In all the ftritish stone 
and kemd frmto, the eatable part is a portion of the dak 
which lines the tube of the ea^rx, and which thus fofiBB 
a ooreiing to the ovary. Hie qpidennis of the cal^ has 
scarcely any poies» and ccHiaeqnently, as the oxygen contained 
in the SKp cannot esc^ie^ when the latter is dmrnposed, to 
deposit the caibon in the seed, this part becomes intensely 
add. When the seed is r^e^ it ceases to reqnire any mooe 
carbon, and this Bobstanee is depostted in the palp, whidi BOW 
loees its acidity, and beeomes sweet, In some fruit — ob^ finor 
example, the peach— the cpidcmis is rii r Mkl MMl with Iuub to 
collect moisture firom the atmo^hoe, aid conaeqaentiy this 
frnit abonnds in jnice. 

17dw Sowae fkmU ripem tkar fndt in a much shorter period 
than others; and this {oocess is gresily fiwilitatfd by increase 
of temperatare. In many, the seed ii rq>e in a few days after 
flowenng ; in the gnpe it takes from fifteen days to a month ; 
in the rasp and strawberry about two months ; in the hosse- 
chcstnut mar; in the appteand pear fire; in the beech and 
walnut six ; in mostpines about a year ; and in some oaks 
cigjiteen Booths. The pedunde^ when no looser wanted 
to oonrcy nouriBhment, withers, sand the firuit feUing to the 
ground, begins gmdnaUy to decay ; and in this pvocess the 
mass of pulpy matter, abounding in carbon, attracts uxjgeu 
from the a tm oBo h cre, and tins fenns a supply of carbodc 



acid gas admJraWy adapted fig the nonriahment of the young 
plants which the letnm of ^nng xaiBes from the aeeiL In 
fruits having a dry pericaip, the concentrated state of the 
carbon pteserres tlie fidien sMds from deo^, till the embiyo 
is cafled into action by the w aiiuth of ying. 



174. The exmoHAnoir of a skkd is the diange of the inert, 
and apparenUy lifekss embvyo, into a living plant ; and this 
is effected by the influence Si heat, air, and mcnstare, whidi 
boUi excite the vital action of the endxryo^ and change the 
albumen of the seed into fix>d prefer fsx its auppoirt. 
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175. Seeds cannot germinate if any one of these three agents 
of heat, air, and moisture, he wanting. Seeds in the hed of 
an Italian riyer, where, of course, they had ahundance of heat 
and moisture, were known to lie there more than fifty years 
perfectly inert, and yet to germinate as soon as they were 
exposed to the air, hy hein^ thrown with the mud of the river 
on the hanks. Heat and air, without moisture, will dry seeds, 
and air and moisture, without heat, will rot than; hut in 
neither case will they vegetate. light, instead of heing &your- 
able to the development of the embryo, seems rather to retard 
it, and seeds are found to germinate readily in darkness. 

176. When the teed of an exogenceas plant is put into the 
groundy so as to exclude the light, but not the air, and sup- 
plied with heat and moisture, the combined efiFect of these 
three active agents will distend the particles of which the seed 
is composed, till it becomes so much enlarged that the outer 
covering cracks, and a small portion of the emhryo appears 
projecting through the foramen. The period that elapses 
between the time when seeds are placed in a situation favour- 
able to their development, and the time of germination, varies 
considerably. For example, the common cress germinates in 
two days, the turnip in three, grasses in eight, hyssop in a 
month, many pines in a year, and the hazel not until two years. 

177. When germination has taken place, a supply of food is 
necessary to form new cellular tissue ; and it is on this account 
that nourishment is laid tm in the seed, as the young plant 
cannot obtain food either nom the ground or the air till its 
roots and leaves be developed. It cannot, however, at first 
vrssUL itself of this provision, as its vessels can only take up 
liquid food, and neither starch nor gluten are soluble in 
water. To obviate this diflficulty, as soon as the particles of 
which the seed is c(»nposed begin to be distended by heat, 
l^e seed ahsorbs water, and tms being decomposed hy the 
greater attraction of the carbon contained in the seed for the 
oxygen of the water, carbonic acid is formed. It is sup- 
posed that this carbonic acid combines with the nitrogen m 
the gluten of the seed, and produces a sweet substance called 
diastase; which, combining with the remainder of the carbon, 
changes it into sufi;ar. The young plant is thus furnished 
with all the nourishment it requires ; the carbonic acid &;as is 
dissolved in water and taken up by the spongioles, and the 
sugar is dissolved by the ascending sap into the sweet juice 
wnich is always found at the hase of the growing part of a 
plant. As a considerable quantity of water is necessary to 
dissolve this sugar, and carry it upwards, more water is always 
taken up by a growmg plant than is actually wanted for food ; 
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and in the sune manner an exba qiiantitj of osygcn n leqii^^ 
to keep the caibcm in asofaiUe state dnrmg its paasage upwards. 

178. AU weeds beoomte smxei durii^ the process of gennina- 
tkm, and it is in this manwr that hailey is changed into malt. 
The seed of the bailey is moistaied, and exposed to the influence 
^rf* heated air in the kifai, till the embijo begins to grow, when 
its farther p iogr e a s is checked b j pottii^ it into the dry kiln, 
by which means the sweetness is retained, and malt is produced. 

179. Tie plamt hemg prodded mUk momridumemt, begins ra- 
pidly to derelope itself flist, from the part ^ojecting &om 
the foramra, which now bectmies the collar^ a tap-root de- 
sceikby throwing oat on each side a great nomber of short 
£broiis rootB^ ettch tenninsting in a fspao^sAie. The fhtwmitf 




oraacoiding shoot, next rises from the ocular, e^Muiding its 
cotyledons (a in ^. 75) Ich^ befine its other kares anfi^ 
The plnmole gOHnally lies concealed betweoi the ootyledkma, 
horn, idiich atoatioa It emeiges when the ootyledtms open, as 
shown in the common bean (^. 76). 
The sap now being ^i^ged to the 
air, by paasing throagh toe nnmeroos 
Teins of the ootyledmis, becomes oi- 
liched by the eTapoiatioa of its super- 
fluoos wato" and oxygen, and is 
A %-'. ^. tS^ ^ \^ f changed into iM^iat botanists call the 
*^ detemding, wierial^ w tUal eap. In 
this state the sap consbts <mly of 
carbon and water, or, to tpeak more 
correctly, of carbon combined with 
oxygen and hydrogen, in the pro- 
portjons in which those gases are 
ibond in water; but from thk fiiur 
distinct substances are famed by the 
wonderful aldiemy of nature, idiidi 
iBml ue d^ofiited by the poper juice to 
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meet the wants of the growmg plant. These four substances 
are starch, sugar, gum, and lignine; all of which, though 
apparently so different in their natures, are composed of 
carbon and water ; and, strange to say, almost in the same 
proportions. 

. 180. Cotyledons are never found on young plants^ unless these 
are raised from seed. In such as are raised from bulbs, corms, 
and tubers, growth is merely the development of a bud. The 
bulb gradually wastes away as its store of albuminous matter 
is exhausted, and a new one forms in the axils of its leaves 
by its side. In a corm the same wasting away takes place, 
but the new corm is found above the old one, as in the crocus 
(see a in. fig. 77). Tubers disappear in the same manner, but 





Fig. 77.— Germination of 
Bulbs and Corms. 



Fig. 78.— Tubers of the 
Orchis. 



a distinct new tuber is formed by the side of the old one. 
Thus, if the root of the common orchis be examined while the 

?lant is in flower, it will appear to have two tubers (see fiff. 
8) ; though, if the same plant be re-examined after the seeds 
have ripened, only one tuoer will be found ; the old one (a) 
having wasted away — its place being supplied by the new 
one (6). The analogy between bulbs and buds is still further 
proved by the fact, that many plants bear bulbs in the axils 
of their leaves. Every bud is also a separate plant, which will 
mrow like a bulb when put into the grouna ; this the gar- 
deners call striking by eyes. Budding is on the same principle, 
only the bud is inserted into the sap-wood of another plant, 
and not into the ground. 

181. In monocotyledonous plants^ raised from seed, the ra- 
F 
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dide, when it projects finom the seed, is enfolded in a eo^ _ 
called the coleoHdza, or rooUeheath (c in ^, 75), When tlie 
- •' "i Ic ' • " 



sheath has attained a oonsidexable length, it epliti ; 

and from this opening arises the plnnmle (p), whfle the 

radicle (r) descends into the soiL 

182. Aeohfieiamms cr cryptogamtus fHawU have no coty- 
ledons, as the ^oies hy which they are propagated are not 
seeds, but minute ^ants, whidi enlarge duectly by the add^ 
tionof newtiasne. But of these canons fonuB of Yegetation 
in another sectioD. 



VSDCXIFICAXIOa OaP FbOWSBLBBS FLAna^ 

183. The fbixtification of flowebi.bss or cbtptogamous 
flahts is yery remarkable, and quite different from that of 
flowering plants. They hare nehher flowers nor seeds, but 
are propagated by little embryo plants^ called sporeg, or 
tporuleg, 

184. In the femsy or jUieeSy which are the largest of the 
flowerleas plants, little brown q>ota, called wrt, may be ob- 
aer^ed on tne backs of the leayes (see fig. 79). Each of these 
is composed of a number of minute membranous capsules, 
tenned thdOBy wiiich contain the reprodnctiTe sporules. The 




FJK. 7SL— Fens, diowiBB the Sari on Oie badk of tke Fronds. 

thecc are either sessile or pedicellate, being in the latter ease 
SDZTOonded by an elastic ring, which aids in borsting asunder 
the membrane, and dispersmg the spores. Sometimes the sori 
orighiatft under the epidermis of the leai^ forming mimtte 
protuberances ; the portion of cuticle coTering each soros being 
called' its mdutium. 
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185. Ferns are plants generally consisting of a nnmber of 
leares^ attached by tough fibrous petioles to a subterranean 
stem, the fronds being the only visible portion of the plant. 
In some yarielies, however, the st^n rises above ground to the 
height of forty or fifty feet, forming the well known tree- 
ferns of New Zealand and Van Diemen's Land (see par. 85, 
fig. 19). 

186. The equisetacemy or horsetaUe^ have their thecs on the 
points of bracteated spikes, which are placed in rings round 
the stem (see fig. 80). In the thecs are slender elastic bodies, 
thickened at the end, called ekxterSy which are attached to 
the sporules, and at first rolled round them, but which open 




Fig. aa— EquiBetaoeSy Simple and Brandied. 

with a jerk, making the sporules t^pear to jump as if alive. 

The equisetacee are herbaceous perennial plants, having 

hollow striated stems ; these being either simple or branched, 

and jointed at intervals, 

187. The marsileaceee, or pUl- 
wortSy are aquatic herbs, which 
have ball-like receptacles at the 
base of their leaves (see ^g, 81), 
containing the sporules and other 
minute granules supposed by some 
to be lucres in an unaeveloped con- 
dition. The receptacles are always 
attached to leaves situated near one 
Fig. 81.— Pfliwort. of the loots. 
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188. The lyeopodiaeetBy or ektb moues^ 
which are intermediate in appearance be- 
tween the tme mosses and ferns, hare 
bnicteated spikes, like small fir cones, 
at the end of their branches (see fig. 
82), at the base of the scales of whidi 
are their theag, or conceptaekt. Some 
of these thecc contain minnte powdery 
grannies, and others the productiTe spo- 
mles. Botanists are at Tanance regarding 
the nature of the minnte grannies ; bnt 
the prevalent opinion is, that they are 
true seminal spomlea^ while the distinct 
Fis. 8SL— Onb 3i<»L sporcs are of a riTiparons or bud -like 
nature. 

189. The tno99e$ are plants entirely composed of cellular 
tissue — that is, hare neither yessels nor woody fibre in their 
structure. They are furnished with thecc, each of which is 
urn-shaped, ani solitary, and supported by a slender stalk 
called a setOj which springs &om a tuft of leaves called the 

pertduFtium, Each theca is coTered by 
a small conical cap called the eaJyptra, 
or yeil (see fig. 83, a), which is pushed 
off by Uie expansion of the theca when 
the sporules are ripe. If the calyptra 
F%.8X-Ma9B. |je entire when it fells off, it is called 

mitral; but if it open first on one side, it is called dimidiate. 
The mouth of a theca is called its stamoy and is closed by a 
little lid, or operculum. The stoma is generally surrounded 
by a fringe of hair, called the peristoma ; and when this is in 
two rows, the inner hairs are the teeth^ and the outer ones 
the cilia. The cavity of the theca is csdled the tporangiumy 
and in the centre is the columellOj or axis. Sometimes the 
lower part of the theca is solid, when it is caUed the ^po- 
pkysig; and when this is swollen on one side, it is said to be 
strumose. Besides their thecc, mosses have other reproduc- 
tive organs called wtaminidea, which partake of the nature 
of buds. 

190. The charaeeiBy or Honemorts, have globules in the axils 
of their leaves, filled with a mucilaginous fluid, in which are 
numerous convoluted filaments, and minute spherical particles, 
or nueulegy resembling buds, fixmi which the young plants are 
raised. These plants grow under water, and their slender 
transparent stems are sometimes found incmsted with stony 
matter ; hence the term Honeworte, 

191. The hepatiae, or kventorte, are small cre^ing plants^ 
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having their leaflets imhricated over each other, differing 

from the mosses in the form 

of the capsule. Their organs 

of reproduction are glohular 

bodies, containing a minutely 

granular substance, escaping 

by an aperture ; or they are 

capsules, containing sporules 

' and spiral filaments, covered 

, at first by a calyptra, at 

' length rising on a peduncle, 

Fig.84.-.Liver^orts. «id opening by valves (see 

fig. 84). 

192. The lichenesy or lichens^ vary exceedingly in form and 
texture, and comprise all those scaly ash-coloured substances 

which grow on 
rocks, old walls, 
trunks of trees, &c. 
They may be said 

' to consist of lobed 
fronds, or thalliy of 

I a leathery texture, 
on the surface of 
which the repro- 
ductive matter ap- 
Fig. 85.— Lichens showing their Reproductive Organs. p^,^yg j^ nowderv 

or gelatinous expansions. The reproductive organs assume 
two common forms ; soridia^ or heaps of nulverulent granules 
scattered over the upper surface of the tnallus ; or apotheciaj 
which are small cup-like specks, surrounded by a rim, and 
containing asciy or tubes, filled with sporules (see fig. 85). 

193. The alga are all strictly aquatic plant^ growing either 
in salt or fresh water. By far the greater number of algc 
inhabit the ocean ; hence the general term sea-weed has been 
applied to this class of vegetation. They are destitute or 
leaves, properly so called, and consist of fronds of various 
forms, being either globular, filamentary, capillary, tubular, or 
laminar ; and these again being either branched, continuous^ 
or articulated. They are reproduced by sporules, contained 
in sporidiay which are usually situated in the substance of the 
plants (see fig. 86). 

194. The fungiy or mushroom tribe, which constitute the 
lowest forms of vegetable development, are extremely diver- 
sified in their size, shape, colour, and consistence. They are 
entirely composed of cellular tissue, and some are even appa- 
rently animated ; so that they are regarded as connecting links 
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beiwcen the TCgelaUe and aniraal kragdorae.. Tlie A^aricms 

eampetirUy or commoii 
fieldHmuahnKMii, is oo€ of 
the best known, aid fionns 
the tjpe of the family ; 
but iSbe mould on diecae, 

) stale bread, the mildew 
on tzees» the mst on com, 
) and man J other minute 
and jci unobaerred ^• 
pearaaces of a similar na- 
ture, are aU fiongL They 
hare no fronds or leares ; 
wood «e hence termed 
apkjfUomt, Their organs 
of reprodnction c<»isist of 
^wraleSy lying loose on 
tne tiasne of the plant, 
or collected m certain 
places, which are dis- 
tended b]rthar aggrega- 
F^nre 87 exhibits 
( of &e most familiar 
fanns of the fimgL 



Ids. The marnmer in wUA Ae w y ierfiJwe orgams §f Jhmu ' ^ 
l€» jdamtM pufinm timr fmmeiimu is as yet hot little imdcr- 
stood bj botanists. ^ We are ottirdy ^norant," sajsProfaaaor 
lindlej, "of themanner in whiA the stems of timse that are 
arboccaccot are developed, and of the comae taken by their 
asrending and deaccndmg sap— i( indeed, in them there reidly 



exist c iu n aUa similar to those of flowermg plants ; whidi may 



he doabted. We know not in what way Unt UaHikiD^ paJn- 
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ciple is commumeated to the gporules or reproductivB grams ; 
we uae of the different IdndB of reproductive matter foond in 
most tribes is entirely concealed &om ns. It is even sni^pected 
tiiat some of the simplest forms (of algs and fungi, at least) 
are the creatures of spontaneous grovrth ; and, in fine, we 
seem to have discorered little that is positiye about the vital 
fimetions of those plants, except that they are reproduced by 
their sporules, wh£eh differ from seeds, in germmating from 
an^ part of their soifaee, mstead of from two invariable 
pomtSk*^ 



PHENOMENA OP VEGETATION. 

196» /n addiHon to the ordinary functions of the organSf 
which are the same in all plants of the same genus, there 
are certain anomalous functions which cannot be reduced 
to regular laws, and which differ in different species even of 
the same genus. The most remaikable of these are the occa- 
sional irritability of plants, their colours^ fragrance^ and tastes* 

ntBITABILCTT, AS DEPENDENT ON ATMOSPHERIC INFLVENCB, ON CONTACT, 
AND ON INTERNAL EXCITATION. 

197. Thx irbitabiiitt of animals depends entirely on their 
nervous system ; but as plants have no nervous system, their 
irritability is more difficult to be accounted for. Dr Darwin^ 
indeed, asserts that plants are only an inferior kind of animal^ 
and that thcnr, or at least some of them, have a bfain and a 
stomach, and are endowed with the lower senses. According 
to this fanciful doctrine, the medulla or pith was made the 
seat of sensation, and was considered analogous to the ^inal 
Hoarrow of aniroalft The doctor, however, nad no followers, 
m his hjpothesis presented too many difficulties to be even 
partially believed. 

198. The principai phenomena of vegetable irritabifity may 
be divided into three kinds ; namely, those caused by atmo- 
i^heric influence, those depending upon the touch of other 
Mdies, and those which appear to be perfectly spontaneous. 

199. Atmospheric influence oeeasions the closing of the leaves 
amr the extreme point of the young shoot at night, as may be 
observed in the chiekweed and several other common plants. 
The foldine of some flowers in the absence of the sun, and the 
opening of others as soon as that luminary has withdraws its 
beams, are ascribable to a similar cause. The white marigold 
dboses its flowers on the approach of vain, aod the dwarf 
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k fidds op its bd^ cri]BS(n corafla aboot Ibor o'ckdc 
everjr aftonooD. The eroiiiig ^imrose, oo the a mimy, will 
not <^ea its luge yellow fiowen till the son has sank bdow 
the hmiaon ; and the nigfat-blowin^ ccteos onU' ^^rp^wiff n^ 
magnificent bksBoms about midnight. Same floweis aie ao 
icgnlar in their hoozs of opening and diottin^ that !■■■■■■■■■■ > 
finmed idiat he caOed Flortfs Timte^ieee, in whidi each hour 
was represented bj the flower wfaidi opened or cksed at that 
partimlar time. Thus — tiagopogon pratense apeos from three 
to five; papavernndicanleatnTe; hjpodicris macnlata, six ; 
njmphjea alba^ seTen ; anagaHis arrensis^ ^;ht ; t^^nAnl^ 
arrensis, nine; arenanay nine to ten ; and mesanlnyanthemam 
at derea. 

200. Soimr light is tke ffrindfal agaU In ]prodmeim§ Oem 
pkeM&meMa ; bat, in sonse cases, floweis hare been known to 
<^cn bT artificial l%fai. De Gandolie fimnd bkooms ei^nnd 
beneath a lamp nearly as well as beneath the son itself; and 
the crocos-flower, which doees at night, has been known to 
expand as wide as possible when gently exposed to the lig^ 
and heat of a fire. Besides the casesin wfaidi flowers opoi 
and shot thdr ecHv^las bj the inflaenoe €i Vi^tst, mAamrn^ «« 
known in which moel j the petals roll np by day, and resome 
their natural sh^e after sniMfi, as in some of the sQoies. 

201. The de^ ^ fttaUs, a tenn first proposed by Iimi«i8, 

' Jesres, 



is a Tdy rpmarkahle lAenomcnop, In compoond Jesres, the 
leaflets fidd together, and the oommon stalk drec^ ; whOe in 
other cases— as, fat example, in the duckweed— the leaflets 
fiold OTcr the bod of the yooi^ flower, as if to protect it &om 
injnry from either the cold of night ia the hesTy dews <rf 
enly morning; though no movement is ofasenraUe in these 
^ai^ at any otho' period. One <rf the most remaikaUe 
c ire i mw t anfeB respecting the dfoct <rf atmoepheric inflip^iM''fff 
is, that the same causes do not affect all plants, and yet no 
pecnliaiify of constmction has been discovered in those thai 
are so affected to distinguidi them fiom those that are not. 

202. TkeirriJUMRtf ftrodmeei % ei^erMt/ loKdk is a fiuniliar 
but little understood phenomenon. The moTcments of tl^ 
sensitiTe {dant are wdi known ; and it is also known thai tf 
the rqie seed-vessels of the noli-me-tangoe be touched in the 
^l^im± manner, they will qpen with elasticity, and scatter 
thor contents. In the same manner the fruit of the sqpdrtii^ 
cucumber throws out its aeeds and the moist pulp in which 
they are contained, with great Tidcnec^ and to a ooosidenUe 
distamre The sbunens <rf the faarbary, when toadied with s 
pin, spring fonrsid, and appear to make s bow to the st^ma, 
after which they return to their pn^er porition ; whUe the 
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colamn of the Btylidium, which includes the style and stamens, 
and which generally hangs on one side, when touched, springs 
with a jerk to the other side of the flower. The anthers of 
the kalmia appear to be fastened back by notches in the petals, 
and when liberated by insects or other means, they become 
erect, and do not return to their former position. 

203. The most remarkable instance of irritability by contact 
is that exhibited by Venus's fly-trap, Dioncea muscipulay a 
native of Canada, and nearly allied to the common sun-dew 
of the British commons. Its flowers have nothing remarkable 
about them, except that their petals roll up when they are 
about to decay ; but the leaves are very curiously constructed. 
They have broad leaf-like petioles, at whose extremity are 
two fleshy lobes, which form the real leaf, and which are 
armed with strong sharp spines, three on the blade of each 
lobe, and a fringe of longer spines round the margin (see flg. 
88, 1 ). When an insect touches the baae of the central spines, 
the leaf collapses, and the poor insect is caught, being either 
impaled by the central spmes, or entrapped by the others. 

The leaf then remains closed, the 
fringe of lonff spines being firmly 
interlaced and locked together, till 
the body of the insect has wasted 
away. This apparatus being the 
nearest approach to a stomach which 
has been yet observed in plants, an 
experiment was tried some years ago 
of feeding a dionaea with very small 
particles of raw meat, when it was 
found that the leaves closed in the 
same way as they would have done 
over an insect, and did not open again 
till the meat was consumed. Sara- 
^^~^i^/,I^"*'*Py-cenia, or side-saddle flower, the 

Trap;2,LeafofSaracenia. ^J^^ ^^ ^^^^ ^^^ ^ p.^^^^^ 

shaped petiole (fig. 88, 2\ also decomposes flies and other 
insects cauffht in th£ ^itcner — a peculiarity which seems to 
belong to all plants having pitcher-shaped leaves. 

204. The spontaneous movements of plants are much more 
difficult to be accounted for than those occasioned by atmo- 
spheric phenomena, or by external touch. We can fancy 
light ana heat contracting or dilating the vessels, and thus 
occasioning flowers to open or shut, and leaves to fold or 
unfold ; but plants have some movements for which there 
is apparently no external cause. Among these spontaneous 
movements, however, those are not reckoned which belong 
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tegiowOL li is trae t^ tbe kncs doiSile, tibe flowa 
' the aadicB banL sMd Ae aeed-^oids < 



uiefls are OMfunuilB c iiiwul bj^ uie uiogiunic 
devdi^aMniof tiie^aBtyaBdnftjectodtore^iiIarlvvs. Hie 
flpoBtioeosB ■MPfCBente iniiai snsc uom fy^ii-^thility won qoite 
diffieRBt— «^ iM- mmjlt, ihom cf the Ibbtcs ti Hei^airwm 
jfrBM. Has i^fiit bas eompoiiBd leeves, the temiiiial lollet 
«f idndi Bcrer motcs except to §M itadf dose dofwnto iti 
awm fltalk; bat the ade kdietB lisve floch er r witiir more- 
mrntitj m to lender it ^fiicall^ if not imp oag iM e, to c^bin 
dieni, Mmd wiaA va^A mppoTy indeed, io ^ftBoatd mind« 
tkovsli die wiiole pliiDt ivere actuated brafedin^^rf opnoe. 
GenoaDj, aD Ae leaflets twist and wfiid tiheanelTes aboat 
ia an e^iaavttiaiy mannei;, thoo^ the air of the hoose in 
iMth they grow is peifectl j stiQ ; hat freqnei^ j the leaflets 
oai oaty one ade win beafiected, and sometimea onh' a sing^ 
' i wfll aKvvey or an wiQ beeooie motiooleas togedber; ad 
L this is the case, it is qnite m xain to attnnpt to set 
again in nMitioa by toachi^ them ; thgn^ acMnetiiaes 
nenty as if fiaai the pme lore i^i mvrhwf, after the 
_ has eeaaedl, the leasts will begin to moTe again as 
lapidlr^aB before. In the Hke manner the side leafli^ fie- 
qacathr eoatnae their w in i lii r mini aiiiilii all night, whfle 
thetenninal leaflet remains qnietly fidded np, and a ypai e nilj 
fist adeep. Cold water poored npoa this plant sti^ tiie 
motion of the leaves, bat it isroiewedas soon as the heat ci 
the stove in idiich the |dant gnvws has eonTeztcd the water 
into v^war. 

303. MtrrmrmU •mmlwgms «s Omt if Ae Heiymnan wad 
other foteign piaats hn^ been detedted by IL Dotrochet 
in sercral comaion vegctaldes^ such as the gardoi pea and 
caeaaftber. As aooa as the feoith leaf tiboTt the cotyledons of 
the pea was dcid op e d complete w^h the simple p^nt whidi 
tcmunated ilspctide, heiemailced in this point, and in the 
leaf itadi^ pecaliar re n J i iu g dow aioTementSL He attributes 
them to aa intenor and vital exdtatian, and not at all to the 
action of Ugbt, which is opposed to, and, if vivid, anests them. 

206. Plmmt9m^ke StfHnd ^ tktir ii fifakmtf by keeping 
them vrithoat water, vrhen they become flaccid ; or by water- 
ing them vrith a poisonoas liqiod, in which case tiiey lose not 
oslhr their imtahflity bat their firesL Life, indeed, appeals to 
be iadmatdy connected widi irrkabilky, as the latter quaifty 
exists only in piaats in a vigortnis and healthy condidoB. 

207. Tie vUmBty tf piamh mm/ ht dettr^joi jy ^riitg ti^em 
«r psi<paea< fmktimmeet. These £Kts have been 

pdndpaDy by the experiments of Mareet aod 
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Macaire. Comman kidney beans which had been watered with 
a decoction of arsenic raded in the course of a £ew hours; 
they then began to turn yellow, and on the third day were 
dead. A lilac was also killed by havii^ arsenic introduced 
into a slit in one of its branches. M^cuiy, under the form of 
corrosive sublimate, produced the same effects aa arsenic ; but 
when used as quicksiiTer, no results were observed. Vegetable 
poisons have been proved to be equally injurious to other 
plants as mineral ones ; a solution of nux vomica killed some 
kidney beans in the course of a few hours. Frusaic acid had 
the same effect in the course of a day, and deadly nightshade 
in about four days ; wbjle spirits of wine killed the plant ta 
which it was administered in a few hours. The conclusions 
drawn from these experimoits were — first, that mineral 

Sokona act up<m vegetables in nearly the same way as they 
upon animals — ^that is, they destroy the vessels by their 
corrosive influence ; and secondly, that those vegetable poisons 
which kill tmimals by actins^ upon their nervous system, also 
destroy plants, though they have no apparent nervous system 
to be acted upon. 

208. The functions of vitality in planiis mav he suspended 
without destroying life, by administering^ to tnem the same 
substances which produce stupor in animals. For instance, 
a barberry bush watered with a strong decoction of opium 
lost the power of moving its stamens when touched ; and a 
dionsa entirely lost its fly-catching powers. Many other 
curious experiments on the vital functions and phenomena of 
plants might be mentioned, but they are chiefly of the same 
nature as the above, with neaily the same results. 



COLOUB — CAUSES AIO) UMITS OF. 



209. Thb colous of plants generally depends cm the pre- 
sence of a substance called nhromule, which ia deposited in 
minute granules in the ve&ides of Uie cellular tissue. This 
substance consists of pure carbon, which has been fiised, as 
physiologists term it, by the decomposition of the carbonic 
acid gas absorbed by the plant ; the oxj'gen escaping a^ain 
into the atmo^here, while the carbon is permanently assmu- 
lated. Both the absorption and decomposition of carbonic 
acid take place most effectively imder the influence of solar 
Ik^ht ; hence, plants g^wn in darkness become etiolated, or 
lynched. The exclusion of light has also the effect of ren- 
dering them nuld and succulent, as the water taken up by 
the roots is prevented from evaporating, and their peculiar 
products cannot be secreted without a due proportion of 
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cailMMi. Acrid and even poiaoooiis Tc^etaUes majr be r&k- 
doed wbolesome, or at lent hatmlews, by earthing them op 
90 as to exdnde tiie UghL 

2ia 21e €ArommU im mU plantt iamg Ote mme. It is difBcak 
to explain ndiy leaves should be gieen, and flowen of so 
many varied hues ; indeed, the cause b as yet but very im- 
perfecthr understood. It is fimnd, however, that wheii the 
lenves ixA npand, and are of the br^^itest green, the 
grains of chranule are always smionnded by a thin film 
of glntoi, the prinripal ingredient m vdudi is nitroeen. In 
anfximn, the gluten and carix^ gomally have bo& disap- 
peared, particnlariy in ]dant5 which contam a notable amount 
of add, the basis vS. whidi is oxygen. In proportim as 
the oxygen pr edominates, the leaves become red; hoice the 
beantifnl tints of red and crimsmn taken by some leaves in 
antnmn. When the caibon disappears wiUmnt the nitrogen, 
as is frequently the case, the leaves beccMne yellow m antuniD. 
It has been observed that the leaves of fdants always turn 
ydlow, red, crimson, or xkAst, and never blue ; aoid this 
cone^Mods with the above tlmry, as the caibon, which is 
dari^ is carried out of the leaves by the desoendin? sap, and 
its plftce partially supplied by oxygen. Thus, red, vniich is the 
ddonr produced 1^ oxygen, fnedominates m decayii^ leaves ; 
and vicJet, which implips > mixture of cariion, isoiily&undin 
the dying leaves of the American vdiite oak. The'lime, and 
other trees which abound in mucilage, or gluten, Inither oap> 
robonte this theoiy, in having their decayii^ leacves ydlow. 

211. Im aU eoMt ike o sto Tiay matter is meiin ike Mp, which 
is either odourieaBf, cr tinged ftintly with yellow, but in the 
c^ular tasue ; and thus, whUe tlie stem consists dii^y of 
cellular tissue, it is as green as the leaves. 

212. TifceoDAwrrqO^sverf are more difficult to be accounted 
fin- thu those of leaves, as they are evidently influoiced by 
the aoQ in whidi the plants are grown, more than 1^ mAir 
hgfat. Minerd substances, particnlariy iron and manganese^ 
are fiHmd abundantly in viiute flowers when burned ; and it 
is known that many a common Britidi weed, particulariy tibe 
hcri> Bobert, varies from ndari^ roseocdonr to almost v^iite, 
aoocMding to the soil in whidi it grows. Flowers grown in the 
shade are, howevo; sddom diffmnt in odour from those fully 
exposed to the air and Hgfat The petals of the common butter- 
cup, and the lesser cdandrine, are of as brilliant a yellow in 
town gardens envdc^ied in the smoke of London, as on any 
country hill ; and roses always maintain their brilliant tintB, 
even when the busies on which they are produced are evi- 
deiOly dying kft want of a dear atmoflphere. 
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213. Flowers may he made to change their colours by the in- 
fluence of the soil in a most remarkable manner. The flowers 
of the common hydrangea, which are naturally pink, may be 
made blue by planting the shrub in soil impregnated with iron. 
The change produced in tulips is still more extraordinary ; the 
flower of a seedling tulip is generally of a dull brownish crim- 
son, and after remaining of this colour two or three seasons, it 
will suddenly break, as the florists term it, into the most bril- 
liant and varied tints of rose, white, yellow, brown, or purple, 
without leaving any trace of the original colour. In order to 
produce this change, florists try a variety of means, all of 
which have relation to the sou ; for example, they some- 
times keep their tulips in poor soil, and then suddenly trans- 
plant them into one exceedingly rich, or they reverse the 
process ; at other times they change them suddenly from a 
sandy to a clayey soil. Carnations also become striped and 
variegated by planting in rich soils, though they nave all 
originated from the dark crimson clove. The colours of 
heart's-eases are imnroved in the same manner ; and it is a 
very striking fact, tnat all these variegations will degenerate, 
or rurif as it is called, if the plant oe neglected, and suf- 
fered to remain in soil the richness of which has been 
exhausted. 

214. As a further proof that Ught is not the sole cause of 
colour in plants, it is well known that ferns and mosses have 
been found green in mines where they have grown in total 
darkness ; and green and red sea- weeds of the most brilliant 
tints are frequently washed up from the bottom of the sea, 
where the lignt, being weakened by passing through such an 
immense body of water, can have but little efiect in producing 
colour. 

215. The theory, or rather hypothesis, of the Xanthic and 
Cyanic series of colours was first broached about the year 
1825 by Messrs Schubler and Funk. These botanists supposed 
that there are two series of colours which never mix with 
each other. The first of these, which they called the Xanthic 
series, contain onlv such colours as are composed of some shade 
or combination of red or yellow ; and the Cyanic series, in 
the same manner, only of such as contain some shade or com- 
bination of red or blue. Green is equally divided between the 
two series, bluish-green being included in the one series, and 
yellowish-ereen in the other. According to this theory, it was 
supposed that, in all the variations of plants, the one series 
never ran into the other ; in other words, that no genus con- 
tained species some of which have perfectly blue flowers, and 
others peifectly yellow. Thus, De CandoUe, and other bota- 
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tfacR em. ever he a 



^e Mae tirirtfimlta 

of idudiaie maoMBjTadee 

■ligiit be iiiMi ilj flocliastiie 

Ubc^ iriiile othen are of is 
Iheae tiro eoloan are nmwfillj 
lirilliMii: ia tiie aaiie Icfwei ml fix* 



White, vliiek a ahrsfi eaDed a colovr wlieB speatbB^ 
«f plaata, was JB|nmanl by tiie aaaie IwitanwtB to beenifledbj 
diecnptBeBoffbacclbof AetHoe; b«t tioB cmot be Ike 
can; as, vcr Ae edk ca^ty, itwoald aot make the petds 
i^iteybiitidMtbotmitBqlliiiiaueHiorcdoaiieM — dmtiSy 
ei a pale jdhnvidb-firBeB. Ikj M J< % iHdte lowczs gcacnlj^ 
L tlMj are dned ; aoHie beeoBBe blai^ 
I of a nddnli tiafe. Kae flu w uA 
fl J toiB red wbea th^ are deeajrngy iMt red and jdlow 
feed, cm^ Mtid y to Jiiuu e a 



217. Smme JUwers fregreuMtg rihaajf ^ktir cuf i aji 
iSbefmem, a Inra^ state— as, fR- cxaa^le, the flofwcts of the 
■e finfc ydlowiik-white, thai gRcnh, aad larfly 
die flowa of tke awAen tetnpteia are fint 

those rf the 
bea^ifiil iiwaniia ^—^'"'WJ'* i ^T**i whith aie iint faiae aan 




218L Ike lahai laj aMtter eMtrmttei frem tafcteHor t» ff 
jroitf ffl'aaiii'ff ra fac ^ being' extenavd j ased in the art of 
^eiig; Soow of these ^je^ to be aftervards noticed (par. 
SfiO), are die asne with the mftmal coloBr of the mrts firam 
vhich th^ fls defived ; andias Mlfiw, nhichiitne yfSkm 
of a neeiss of creess; bat othos are toialfT «•- 
"being bfaK or blai^ mhim the natire ^re^kdUe 



fwicaiwif wnniiTFirf^ FTcmn^ .isoi i 



21Sl fie tfaase ^ frmgrmmot tm JUmeri has never Tet been 
fiJ]^ r rjiliinrd We kno>vr thrt afl organiBed bodi es uin nrf 
partN* of valatile antten^ and thas wt can readify auuNiui fcr 
die odona gtvcn oat fay d ec ajiug aninMl and vegctdde sab- 
m, as ther ew d e atly piwjted fram tibe ▼idaftfle parti 
jjbqprtsd'by dwon^owtion. The ftscnnoe of f 
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jiower^r, escapes while the plasfts are in a liviog state, and 
that most abandantly when they are in v^reus and healthy 
eondition. Besides the flowers, other parts of living plimts 
£neqaenily exhale fragrant odours, siidi as the leaves of the 
myrtle and geraninm, and the wood and hark of pines. All 
these odours proceed from oily or resinous mattero contained 
in the receptee of secretion ; hut the laws that regulate 
tibeir LLheration are as yet cfoly imp^ectly known. As a proof 
of the uncertainty which prevails on the suhject, it may he 
mentioned, that when tiie Academy of Sciences at Brussels 
piojposed it as a prize question in 1838, no essay was sent in ; 
and that when tne question was repeated in 1839, only one 
answer was ivceiTed. This essay was written hy Signer Trin- 
chinertta, formeily professor at the imiversity of Pavia ; and 
though it obtained the silver medal, it has not thrown much 
light upon the subject. 

220. The phyaiologuxU uses ef odours is by no means certain. 
Some botanists consider them to be part of the excremen- 
titious matter which is thrown off by plants, when it is no 
longer necessary to their growtii ; but if this were the case, 
die exhalation would continue the same during the whole 
period of growth, and not vary, as it does, at different seasons, 
and acoording to the state of the weather. It is well known 
that plants are most fragrant in damp weather, and some 
botanists have attempted to account for this by supposing, that 
the tissue being relaxed at such seasons, the stomata, or pores, 
open wider than at other times, and thus permit the escape of 
a greater quantity of the fluid. Trinchmetti, however, thinks 
timt the use of the odours of flowers is to ward ofi^ vapour, 
which miffht preveirt the difiusion of the pollen ; and it is 
thus that he accounts for the increase of the odour by damp. 
This explanatkm appears plausible, but neither it nor any of 
the others which have been sugg^ted, will explain why the 
petals of roses, and other flowers, retain their fragrance when 
dried. The use of fragrance in leaves, bark, and wood, is 
SBf^parently to preserve them from the attacks of insects ; as 
we find that tne smell of the red and Bermuda cedars, of 
wliieh peneils are made, and of camphor (also a vegetable 
product), are sufficient to keep the moth from attacking sud- 
stances with which these are in contact. 

221. Tfie odours of plants are of three kinds — ^permanent, 
fugitive, and intermittent : — 

222. Permanent odours are those given out slowly by the 
plant, not only whilst it is living, but also after the fragrant 
part has been separated from the root, though it be not in 
a state of decay. Of this kind are the odours of fragrant 
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irvMx], of the dned petab of rase^ and samt otiicr 
In these cases the Rccptedcs of accxelion are gcnenllj buried 
a» dee^ J in the tiaaoe, thai the rmmti al oA with which thej- 
are filled can onlj esc^ie sfewij, and in Tcijaaiall qfoantitkiL 
In some casesy indeed, the leccp t a rles rf an iwiha u wee to dee^y 
seated, thai the wood to idiidi thejr bdoo^ appcia derad 
€{ scent, tin its casoitial oil is TidatiliBed bj' exposoie to heat. 
Thos^ the wood of the bce^ appean inodoaoos till ■aim e d 
hjT the fixtion €i the tmner's laUBe, when it acqjnircs a i 
^e that of Toaes. In a lew iiTstanrf% where the wood 
light and €i op^i textore, the odous are not petmancBt — a 
m e3Eam|de^ in the pine and fir tribe. £tcij one v^ h 
astered a gioTe of these trees in the ercBiM^ when the dew 

, irith the ' ^ * 



was £dlhig, mnat hare been atzn^ with the fine 
Xijgian ce gircn oot ; and jet none €i this fi^ian ce is pcr- 
c^tible in the wood of the same trees when it has been cat 
np into dcaly and used in the floore and wa i i wfutiag of a 
dweOii^-hoiise. 

223^ Fmgitice tdomr* arse &ara fiWfntial oils mntiif d in 
receptacles jnst below the epidcxmB ; and when theie is mAj 
a minute qnamtitj <rf oil in eadi cavity, the dmation of 
the fi^ian r e is concspoodii^ j diort. Odous of this kind 
are genaaD J found in flowexs, and their JHt^MMij ii nmdi 
increased b j a damp state of the atmoephcn^ ai^ am*tmAim^ to 
Signav Tiinchinetti, the odour of the flower is then noifc 
needed to piotect its le^odnctrre parts. 

224^ ImUrmattemt ^domrs are the most diflfeuh to be ac- 
counted fin- b J the Tcgetable |di jsiolas;^!. It is onljr knowm 
that the n^t-sn^Dii^ stock, the Indian jaaaninr, and aercnl 
other plants^ which are cntirdj derad of aoent during the 
daj, are delightfully fragiant during the ni^tt. One of the 
or^ideoos ^anfcs produces its powerful aioinatic scent oaly 
w^ien exposed to the direct rays <tf the sun ; and the ni^hi> 
blowing cev^is is fia giant only at interrab of about half an 
hour during the time of its expanaflii, p ieiienia g the aame 
kind of intermittcnce eroi wha& separated firooa the ateaa. 
Some botanisti^ hare supposed that intermittent fiagiance is 
occasioned by the re^iiiatiDn of plasta^ but this caanoi be the 
i in a flower whose ritality is < 



225. The tmOa fndmttd kp veyttMt smh t im m ea are generally 
rccoj^oised as sweet, acid, bitter, astringent, austere, or acrid. 
The juice oi the sugar-cane^ fofr example, h sweet, that of aa 
anrq»e ^ple acid, the aloe bitter^ the leaf of the hramble 
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astringent^ and the cranbeny austere. It has been already 
stated, that the ascendmg sap is at iirst insipid, and that it 
gradually acquires the peculiar taste of the plant ; but it is 
only in the descending juice that the taste-yielding principle 
is nilly developed. Why the taste of one vegetable should 
differ nom that of another, physiology is unable to determine ; 
it cannot tell why rhubarb, beet-root, and tobacco, grown in 
the same soil, and subjected to the same influences, should be 
so different in their respective qualities. We are only as yet 
able to characterise the various tastes of plants, and understand 
fiome of the chief causes by which they may be modified or 
destroyed. 

226. The principal influences which modify the tastes of 
plants are atmospheric and solar ; light, exposure, and warmth, 
being those under which taste, as well as all other qualities 
of vegetables, are most fully developed. Every one is ac- 
quainted with the blanching effects of earthing^ as exhibited in 
celery, or in the shoots of the common rhubarb. The fruits 
erown in our own island during a wet and sunless season are 
insipid, compared with what they are in a dry and bright 
summer ; and the general vegetation of the arctic and temperate 
regions is less poweifiil in kind than that of the tropics. 
Even the successive periods of a day exercise an influence on 
the tastes of growing plants (par. 10), according as they are 
stimulated by solar light to absorb or exhale oxygen — the 
principle on which the peculiarities of taste greatly depend. 
SoU, though it does not produce taste, is yet capable of 
modifying it to a certain degree, as takes place every season 
with our cultivated vegetables ; the potato, carrot, or turnip, 
grown on soft spongy land, being less sapid than those raised 
on light and dry situations. As a general law, it may be 
stated, that the drier and warfher the situation, the more 
exposed to light, and the slower the growth of any vegetable, 
the more intense its peculiar flavour. 

227. Vegetable membrane is insipid ; so also are resins and 
other insoluble products. Mucilage communicates no flavour ; 
. and it is only in the secretions and the extractive products that 
taste seems to reside. The peculiar tastes of vegetables may 
be described as a variable quality, for many are sweet, acid, 
or even acrid, at successive stages of their growth ; a familiar 
example being afforded in the ripening of our own domesti- 
cated fruits. The acrid principle is generally found to reside 
in volatile oils ; and bitterness always denotes the presence of 
extractive matter. The sweetness produced during the germi- 
nation of seeds, and the subsequent tastes acquired by a plant 
as it advances to maturity, are the result of vitality. The tastes 
G 
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and flayoms produced in aU Tegetable matter doing fBnneii> 
tation is strictly a chemical process (see par. 237)> and does 
not come within the psoTince of the botanist. 

22& The fhftioloskal uau of Ae d^fhnatt lofef are as 
impeifectlT nndeistood as the canses whidi pro duce them. 
Some of them may be giren for tilie pru B ervati wi of tiie Ti^ie- 
table against the attacks of i»mi*lg at certain seasons of its 
growth, whilst others seem as directly bestowed to render 
plants agreeable to the «nlinAl« desto^d to consome than. 
We know that animals cannot snbiBst iroon tilie inoigaBue 
matter of the globe ; and that T^etaUee^ from tlMdr power <^ 
decomposing and assimilating that matter, become the link 
of connexion between the m*""*^ and mineral kingdoms; 
hence it is not nnieasonable to soppose that the diffiBient tastea 
of plants are confened for the pnipoae of adraimstaring to 
the yaried wants of animals — the flaToor of eacb bong best 
ad^ted to those wants^ whe& the seed of the plant is peifoctfy 
matured. 



229. TkelumJnoiUytfplantt that iB,ihecvelqtionof li^ 
either from living or dead T^;etable stmctme — is a raro amd 
corions phcnomenwu Ffowers of an oange cc^onr, as tiie 
marigold and nastortram, occasionally ptoent a hnainovs 
s^pearance on still warm erenings; this light beiw either 
in the foon of slight electrio-like sparks, or steadier Joke tiie 
pho^horescence of the g^w-woim. Certain fnn^ whidi 
grow in warm and moist sitnationa^ prodnee a similar jhtB^ 
phorescenoe; and decaying ▼eg^tabJes^ like dead animal 
matter, hare been obsenred to emit the same kind of himi- 
nosily. T\a8 phenomimon staoos eonneeted with the abanp- 
ti<m of oxygen, and the porta emitting it aie moat bamki- 
ons when inmieraed in pnie Qxygen, and cease to emit ft 
when exclodcd from that dement. Lommoei^ is some- 
times occasioned by actual combnstion of the Tolatfle olfa^ 
which are continually flying off from certain plants : thoae • 
of the dictamnus allKis will in fli* Tn<> upon the ^i^icatiaii of 
fire. 

290. The eooluikm of hetU by liWng piants is a more eom- 
mon phenomenon. We are aware th^ waim-bh)oded animals 
have the power of ke^in^ up a certain tenqwrataro witiiin 
them, which yaries at coiam stages of their growtii, and per- 
haps periodically. This result is obtained by respiration — Uie 
oxygoi of Ute atmo^here imitmg with tlu» carbon of their 
blo^M, and piodudng a q^ecies of combustioii. Tke caibmiie 
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acid and moisture which animals expire, prove that such a 
union has taken place. The more firesh air we breathe, the 
greater the heat of our bodies, so long as we take proper food 
to afford the carbon. A similar, though less understood pheno- 
menon, seems to take place in the respiration of plants. Heat 
js always disengaged when gaseous products are liberated; 
and as vegetables reiplre (however slowly), a certaia amount 
of heat must be produced during that process. In germination, 
heat is sensibly evolved : a piece of ice i>laced on a growing 
leaf-bud will dssolve, when it would remain undianged in the 
Qjpea air ; and ezperim^it has proved that the sur&ce of plants 
is three or four degrees higher than the surroonding medium. 
Again, the intend temperature of a large trunk is always 
higher than the surrMmding atmosphere ; and though young 
shoots are sometimes frozen Hirough, the general structure 
both of the wood and bafk is such as to conduct heat so 
dowly, that the internal warmth is never reduced beyond 
what seems necessary to vitality. Grenerally speaking, it 
may be asB«rted that plants possess an internal vital tem- 
perature, and that, in the process of respiration fthe giving 
off of ddbonie acid or oxygen, as the case may oe), a cer- 
tain degree of heat is idways evolved. During termination 
and flowtting, this heat is most perc^ible ; and though it 
be^ rapidly dissipated by the extent of surface exposed to 
the air, 110 degrees have been noted during maltmg, and 
87 in the flower of a geranium when the atmosphere was 
only 1^81. 

231. The conneiHon «f electrtcitw vfith vegetable growth hai^ 
recoiily excited the attention of physiologists ; but little posi- 
tive information has yet been ascertained. It has been long 
known that growth takes place with great rapidity during 
thundery weather ; but this may result from the nitrogemsed 
products of the flowers which then fietll, as well as from the 
effects of deetricity. The progressive states of vegetable 
growth are the result of chemical changes ; and as thes6 
changes are more or leas accompanied by electricity, it is 
supposed that plants evdve electricitv as weU as heat. The 
conversion of water into steam is followed by a sensible 
evolution of electricity; and the evaporation which takes 
place from the surface of rapidly-growing leaves, produces the 
same phenomenon. The general electric state of plants is said 
to be negative; and some have attempted to connect the 
luxuriant vegetation of the tropics with the thunder-storms of 
these regions, on the supposition that when the atmosphere is 
positively electrified, the two opposite states will give rise to 
such commotions. 
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SECRETIONS OF PLANT& 

232. SUBSIAXCES FOaSBSBED OF TABIOUS PSOFEBTEES AKB 

sscRETED BY PLAXTS, acoordlug to their lespeettre natoresy 
and their healthy or diseased oonditioii at the time <tf secre- 
tioiL, Some of these substances are produced bj the asoending* 
sap ; but the greater number are deposited by the elaborated, 
or proper juicei and G<Hi8equaitly are never secreted during 
spring or early summer. Tlie intensity of those deriyed from 
tne latter source depends in a great measure upon the influ^ioe 
of solar light ; hence they are much stronger and moie abun- 
dantly produced in tropi^ than in temperate dimates. 

233. The phyHologuMl lues of these Mecretkms are at present 
but imperfectly understood. Most of th^n being derlTed from 
the true, or arterial sap, they would seem to senre some purpose 
in the reproduction or nourishm^it of the plant ; but others, 
&om the manner in which they are deposited or ejected, appear 
to be of no utility in the regetable eocmomy. Some of tiiem 
are excretions as well as eecretUnu ; but wh^lier they are to 
be considered as essential compon^its of the sap, or evacuatkms 
necessary to the healthy condition of the secreting oigans, has 
not yet been determined. Being exceedingly wied in their 
properties, they are of great utilh^ to man, ehher as articles of 
food, dothicg, medicine, ornament^ or luxury. 

234. The economical applications of v^etable secretions and 
excretions are so numerous, that in a work of this nature, it is 
possible merely to allude to the m<»e important. It is cTen 
difiicult to attempt any classification of them ; for, though 
differing in their properties and extianal appearance, many of 
them are identical in chemical composition, and, subjected to 
peculiar treatment, readily pass into new and similar cmnbi- 
nations. Some, for instance, are £uinaoeoua^ while others are 
saccharine ; and yet both, when subjected to fennentatim, 
produce ^milar liquors. Many are olei^inous, balsamic, or 
resinous ; some are narcotic, aromatic, or mucil^;inous ; while 
others are astringent, puigatiye, or poisonous. 

FABHUGBOUS AJfD SACCHiaOlE FBODCCS. 

235. Of the farinaeemu products^ flour is, perfaans^ ^^ most 
important to man. That generally used in maVrng bread is 
the albumen of the seed of wheat, the epidennis being ground 
with it, and forming the bran. Meal is, in like manner, the 
albumen of oats, barley, rye, peas, beaii% maize, and other 
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grains. Starch is generally made froiri the flour of wheat, but 
sometimes from the farinaceous part of the potato tuber, which 
is otherwise extensively used as an article of food. The arrow- 
root, sago-palm, and several other plants, yield floury matter 
either from their seeds, piths, or fleshy tubers. In most of 
these cases the farinaceous product is stored up as nutriment to 
the future embryo, besides directly subserving to the support 
of the animal kingdom. The principal elements in the fari- 
naceous products are starch, gluten, and albumen, with a 
slight proportion of oily and saline matters. 

2S6, Sugar is another important vegetable product, alike 
essential to gemjiination (see par. 177), and valuable to man. 
The ascending sap of all plants is sweet ; but it is only in the 
sugar cane, the sugar maple, and the white beet-root, that 
sugar is elaborated in sufficient quantities to be of economical 
value. The sugar of commerce is chiefly derived from the 
sugar-cane and beet-root, by expression and evaporation. It 
is subsequently purified, when it crystallises m a regular 
manner, the residue forming the dark viscous substance called 
molasses. Grape sugar, which is extracted from the grape, 
gooseberry, fig, &c. has a different taste, and contains more 
water. 

237. The fermented liquors derived from vegetable products 
are numerous, and of various utility. Before detailing these, 
however, it may be useful to know that all vegetable matter 
is liable to certain states of fermentation, according to the 
degree of heat, air, and moisture to which it is subjected. 
These states have been successively described as the saccharine, 
vinous, acetous, septic, and bituminous. For example, the 
saccharine is that which manifests itself in the operation of 
malting (par. 178) and ripening of fruits ; if water and heat 
be applied, it passes into the vinous, or that by which wine 
and spirituous liquors are formed. Again, if, while the vinous 
is going on, air be partially admitted, the acetous, or vinegar- 
forming fermentation will be produced ; and by farther expo- 
sure of the vegetable matter to the air, it will pass into a mass 
of earth and carbon ; this fits it for the septic, or putrefying 
process ; but if air be excluded, if heat,^ moisture, pressure, 
&c. be present, the bituminous will be the result. By a know- 
"i easy to understand how malt, 

d, and coal, are formed, 
readily obtained wherever there 

ti any vegetable product, as it is 

alone capable of fermentation, 
the juice of the grape, but it 

I ascending sap of the maple and 
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otiierTcgetablejpiodiictioiis. The best brand/ is distilled fitm 
wine, but to inferior sort mxy be made from peachea, phuna^ 
and Taikqu other kinda of frmt, as also from ueiobers of ibie 
potato when in a state of fennentation. Alooh<^ ale, and 
other malt liqaots, are derived fiom fermented grains, sneli 
as baile/y oati^ wheat, &e^ but m^ also be obtained from 
potatoes. Arradc is distiUed from tbe aaoendiiw sap of the 
palm tree. Rnm is made from molasses ; and H<d]ands is a 
oom^irity flaroiired with the berries of the jnniper. Kirsch- 
wassa and maraschino are both dirtiOed mm cberrie^ dder 
from applei^ P^^ ^cvm pears, and aU tiie other kinds of 
UqueMTM are obtained from regetaUe prodocts. 

OIS&GDKnJS FBODOCCS. 

299. The ^baghumsprodtieU an €i two YdtA; theeMenfial 
oils, whieh have been alrea^ moitioned (par. 223), the nae 
of idiidi in Tegirtation has not been postttrel j asoertained, and 
the Jund ofls^ idiidi sopplj the place €i albumen in the seed. 
The <«i»»«^i^l^ or Tolatile oih^ are diieflj fonnd in the bark, 
leayes, flowexi^ and pericarps, and seem ooraMeied with tibe 
preserration and protection of the liring plant. Th^ are 
mmij distingmshed from the fixed oib by their powerfbl 
odom; their slig^ scdnbilky in water, and the prroerty of 
f TC^atilised withont decomposition, lliej are the can 



of odoor in most Tcsetalde products^ and are ocmseqeei^j 
need in the arts principallj as perfames. l%e fixed mb occur 
in fruits and seeds, in wludi ther serre botii as a protection 
and noorishment to the fntiire plant. Thej are combos^le 
sabstttftces, insdhibk in water, and fimn so^is with alkaKea. 
Bf exposore to the air, some ci them beooine ooaqne, and 
thicken, as almond oQ ; while otters drj w^iont tosmg their 
tranflpareDC]r,fi»miEig a Tarnish, as linseed oiL The eeo^miical 
applications of the fixed oils are Teij nnmeroos, beifi^ need in 
food, in Ikfating, painting, &c OkTe, ahnowd, linseed, nme, 
cocoa, and castor otk, are familiar examples ; ttid it is wortnj 
of remark, that tlMj do not partake <jf the qualities pecnliar 
to the other secretaona of the plants firom the seeds or which 
thej are derived. 

240. ITtur is idao a vegetaUe product, and differs from fixed 
oils onlj in being solid at common temp eratur e s . Besides that 
collected and elabnated hj bees from flow^s, many jilants 
jield It m a pore state. It is finmd in the form or minute 
scales on the surfeoe of the plum and other fruits, and as a 
thin coating on the leaves of the cabbage and other plants, 
ooDstituttng what is called the M9MI. It maj also be obtamed 
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in small quantities from other plants, by the application 
<^ heat ; Imt those yielding it in greatest abundance are the 
candleberry myrtle and the wax pahn — both of which take 
their names from the circumstance. In the former it is found 
in the fruity and in Ihe latter it is hud over the leaves and 
trunk in the f<nin of a vamish. In all cases, the physiological 
uses of wax seem to be to protect the regetable nx>m the in- 
jurious effects of moisture ; and so well adapted is it for this 
purpose, that Ihe leaves of the wax palm are used in South 
America for covering houses, and have oeen known even m this 
state to sustain the vicissitudes of weather for twenty years. 

241. A product resembling taUow is obtained &om the fruit 
of several plants, such as the croton schiferum of Qiina, and 
the plney, which grows on the Malabar coast of India. In the 
eroton, the fiitty matter surrounds Ihe stony kernels, and in the 
piney it is associated with the pulpy fruit Like wax, vege- 
table tallow seems not only to protect the fruit, but to y&d 
nutriment to the embryo plant; while both are laigely used 
M the arts as a substitute ror animal tallow. 

242. OamphoTy which is nearly allied to the volatile oils, is 
a solid, colourless, highly odorous, and inflammable substance. 
It existe in many phmts, but is chiefly obtained from a species 
of sweet bay, growing in the East Indies. The branches and 
roots <^ this tree are cut into small pieces, and slowiv boiled 
in iron vessels, the ooveis of which are made hollow, and stufied 
with straw. Being volatile, the camphor rises with the vi^ur, 
and lodges in the straw, whence ^ is ooUected, and subse- 
quently mdted into lumps far sale. In old camphor-bearing 
trees, the camphor is sometimes found in small native concre- 
tions, occupying the place of the pith ; but this variety is rareu 
and nigh pric^. Unless as a protective, the physiological 
uses of camphor are not very perceptible. Economically, it is 
laisely employed in medicine, in the preparation of vamishei^ 
and in preserving speeunens of natural history from the depre- 
dations of insects. 

BESINS, GUMS, BALSAMS, &C. 

243. The re»tn«, gum^esinsy and hahame, are a ver^ numerous 
and valuable class of vefi;etable products. The resms are dry, 
brittle substaiMses, insoluble in water, soluble in alcohol, fusible, 
and highly inflammable. The gum-resins are sc^d compounds 
of resin and gum ; whflst the balms, or balsams, formed by a 
mixture of resin with benzoic acid, exist in a fluid state. The 
difierences between these substances, however, are not veiy 
distinctly marked ; for, though most of the gums are soluble in 
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water, seweal caimot be disBolyed nnleaB hy the aid of alcohd^ 
and in their ext^nal i4>peanin£es and properties they are almost 
idaiticaL Again, they are so alike in their chemual compo- 
sitionfl^ that uie moat minute analysis has fiiiled to detect any 
difference ; hoice diemists suppose that resins, gnmr-resins, and 
holjamift are nothii^ hot volatile oils, rmdered concrete hy the 
ahsorption of oxygoi &om the atmoq^here. A porticm of these 
sohstances is oft^ exnded hy the plant, either firom a repletioii 
of the receptacles, or firom exteni^ injory ; they essentially 
add to the dnrability of the timber, and preserve it from tl^ 
attacks of animala ; and, fix>m their compositi^m, would seem 
to be in some way ccmnected with the fnncti«»is of nutrition. 

244. I%e resin* are most abundantly yielded by the pine, ok 
fir tribe, which contain the substance called turpentine, either 
in the yessels of the wood or bark. When turpentine is first 
obtained firom the tree, it is in a liquid state ; but after it baa 
beoi allowed to settle, a solid substance is deposited, which, 
when purified by boiling, is the comnum yellow ro»n, used in 
making fio^y Ai^d for numerous other purposes. The liquid 
left after the deposition of the rosin is the turpoitine of com- 
merce, from which q>irit of turpentine is procured by distilla- 
tion, the residuum b^ng the black rosin, or colophony, used by 
Tiolm-pUyers for their bows. Tar is procured by cutting the 
wood and toots of any of the pine tribe into small i^eces^ and 
charring th^n in such a manner as, to allow the sa;p to run off 
during the process, which it does in the fonn of a thick black 
fiuid. This fluid is the vegetable tar of commerce, ftom which 
pitch is obtained by boiling to dryness. Besides the turpoitine 
drawn ftom the pine and fir tribe, there is some procured from 
a kind of pistachia, which is more delicate than the comnum 
kind, but mudi dearer, and more limited in its uses. MasUc 
and copal are resins derived respectively firom a roedes of 
pistachia and rfaus, and used in the prepaiatkni of va^sh. 
Pitch, tar, and oil of turpentine, are all extensively used in 
the arts by ship-builders, joiners, painters, and many others. 

245. The principal gum-renns and balsams are the foUow- 
ii^ : — storaxj which is derived partly from a eroecies of styrax, 
and partly from the liquid amber ; benzoin, which is produced 
by another q>ecies of styrax, and used in making paregoric ; 
balm of Gilead, which is obtained from a species of amyri% 
now caUed balsamodendron ; and myrrk, which exudes from 
several species of plants, sudi as the balsamodendron, laums^ 
and acacia. Frankincense, a gum-resin, highly valued for its 
perfume, is derived from a kmd of juniper found in Arabia ; 
and balsam of Peru and balsam ofTolu are procured firom diffe- 
rent species of myrospennum. Gamboge, extensively used in 
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the arts and in medicine, is a gum-resin, obtained from several 
trees belonging to the orders Guttiflora and Hypericaceae, 
natives of Ceylon, Siam, and Cochin-China. Gum tragacanth^ 
now much used in calico-printing, is produced by a leguminous 
shrub, a native of the south of Europe ; and 'foMantim, an- 
other gum-resin, by a species of cistus, found growing in Crete. 
Labdanum was formerly mixed with opium, in the belief that 
it neutralised some of the injurious effects of that drug ; hence 
all the common preparations of opium are still called lau- 
danum^ though consisting of pure opium dissolved in spirits of 
wine. There are many other resins, gum-resins, and balsams, 
but those mentioned in this and the preceding par^raph are 
the principal. They are all obtained either from spontaneous 
exuaations, or from artificial incisions made in the plants at 
certain seasons ; the drier and warmer the climate and situa- 
tion, the more powerful the properties of the secretions. 

246. The true gums are distinguishable from the foregoing 
substances by their being entirely soluble in water, whilst 
alcohol does not act upon them. Their solution in water 
produces a thick adhesive fluid, of which dissolved gum- 
Arabic and gum -Senegal form familiar examples. These 
gums are obtained principally from artificial incisions in the 
bark of different species of acacia, though they also exude 
spontaneously, like the gum of the cherry tree in our own 
country. Gum exists more or less in every plant, and is one 
of their nutritive products — ^indeed the only one which can be 
absorbed and assimilated, without being first decomposed into 
water and carbonic acid, for plants have been known to thrive 
well upon a solution of it. It exists in the ascending as well 
as in the descending sap ; it constitutes the cambium^ or sap^ 
wood, and in this form supplies material for the formation of 
cellular tissue. 

247. Caoutchouc^ or Indian rubbery a substance nearly re-« 
sembling gum in its appearance, is derived from the latex of 
the ficus elastica, a kind of fig found in the East Indies, and 
in that of a Brazilian tree called siphonia hevid. It is found 
in many other plants, but not in sufficient quantities to be 
useful in the arts. When taken from the tree, caoutchouc is 
in a milkv state, but b^ exposure to the air, it thickens into a 
kind of elastic gum, without colour, taste, or smell ; the dark 
colour which it usually presents being derived from the fire 
over which it is dried. For many years it was only used for 
erasing pencil marks — Whence its popular name oi Indian rubber; 
but latterly, it has been extensively employed in the con- 
struction of elastic ligatures, and, from its being impervious to 
wet, in the formation of waterproof clothing. Bemg soluble 



itized by Google 



loe 

IB ether and mphUui^ it csn be mead out into a tliin costing, 
or Tsmiflli, over any sabstenoe ; noioe its ad^tition to watei^ 
proof fiftbnc^mircoflhionBy &c. 

248l OptMmj a product of a fery diflfeient duffscter finom 
caontehoiie, iiidao denred Cram the milky joice whidi flows 
ao abandantlj in cotain crden of j^ants dning the flowering 
It is obtained in amaH anMNint fiem many plants^ 



hot diiefly fiom the po^y tnbe ; the white poppy ( iV yaper 
" ; imich jrields the opiom of i 



m) being tmit imich jrields the c^iom of ccnnmeice. 
The jnioe is obtamed by maVing indaions in the aeed-yeaBeb^ 
or kmit, when in a gieen atete, and that whidi oozes oat 
hardena by expusuro to the air. In this state it fioms cnide^ 
or hnnp opinm, whidi, d ia o l f cd in i^rit of wine and filtered, 
fBodooea laad«nnn, Opiom is a compoond sabstanoe, capt- 
wt/tiog of a gam aohible in water, a amall qnantity of ledn, 
and caootchoac. Its powerfol effect <m the animal system is 
awing to two alkaline princ^ea which it contains, namdy. 
au r j iii tt and nart o liiM / the mmerprodoemg aaedatire, and 
the kttar a stJnmlating ^fect, F^i this fiM^ it wiH be 
leadfly ondenlood why opiom shoold be smoked by the 
Chinese to nodnee inUnocation, and swallowed by the inyalld 
to procon nim reat and insenaihility to pain. 



249. Tammim, which fmns one of the best antiseptic^ is a 
▼^i^ahle extract derived fnm the bark of many trees.^ It 
aetB diemically open all animal tiesoes containin g geUine; 
hence its eoooomical importance to man. In the skin of 
animalis fa iawKmrp, thoe is a great qnantiU' of ^latine;, 
iHiidi, when extracted, fams «ae ; and this siUMtance^ 
thoo^ it gires tooghneas and ebstidty to the skin, is yet 
ao liable to putrefy, that it woaM prerent tiie skin from bemg 
of maj ntQity as an artide of dothi^, were its decay not pre- 
▼ested by tlie influence <tf tannin. For tiiis poipose, the bark 
of oak, whidtcontaaisanotaUeaaantity of taimin, is steeped 
in wateiv md the ddns are soaked in |ntB filled with the 
infuaioii, tiQ they aro conrerted into lather by the tannin 
penetrating their tisaoes, and tfaos rendering than capable of 
xesiatinff decay. Tannin exists in €be baik of most trees, some 
of whioi, like that of birdi, commonicates its finagrance to the 
leather ; bat in tiiis co untry, it is only fimnd in the oak and 
lardi, in sufficient quantities to remunerate the preparatian. 
TBxisHng only in the bark, its physioloeical utility is qiparent, 

' ring the tisaues of the T^etame from the deomiposing 

) of air and mdsture. 
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250. Vegetable dffee, whidi are of extensiTe atilHy in the arts, 
are obtained either firom the roots, ebNOB, leayes, or flowers of 
peculiar plants. Some are discernible in the native colour of 
the vegetable structure ; others aasome thor economical colour 
only when extracted by a particular process. Oie of the most 
important is indigo, extracted from a leguminous plant grown 
in India» the leaves of which are steeped in water tOl the 
colouring matter of the cellular trasue has been separated from 
the framework of the leaf. The liquid is then dnwn o£P, and 
evaporated, the oolounng residuum, wh^i dry, being the indigo 
of commerce. The importance of this dye may be estimate, 
when it k stated thai the quantity grown in India is worth 
seven millions steriing a-year. It is used not only for dyeing 
Uue, but as a preparation for dyeing black. Woad is another 
blue dye, obtamed from the leaves of a plant known to t|ie 
ancient Britons, and still cultivated in some parts of Lanca- 
shire. Logwood, which yields a purple dye, is Uie produce of 
the heartw<)od of a tree grown in the West Indies. The nrin- 
cipal red d ves are madder, obtained from a plant grown abun- 
dimtlv in the south of Europe ; archil, the produce of a lichen 
founa in the Canary islands ; alkanet, the root of an anchusa ; 
and Brazil wood, the durttmen of the cesalpina crista, a South 
American tree. The principal yellow vegetable dyes are 
obtained frt)m a roedes of mignonette called the dyers weed, 
and from the bark of the quercitron, one of the American 
oaks. Safiion, the stigma of a species of crocus^ and turmeric, 
arnatto, and fristic, are also yellow vegetable dyes, as are the 
fruits of the rhaumus known in this country under the name 
<^ French or Avisnon berries. S^>-green is also prepared 
from a species of niaumus. Yellow and orange dyes can be 
obtained from the c<Mnmon heath ; hmina juice produces a 
permanent light brown ; and all vegetables contam more or 
leas colouring matter capable of afforaing bfownkh hues. In 
most cases, vegetable dyes are extremely evanescent, and are 
seldom used 'vmhout the aid of what k called a merdant, to 
fix their ccdours ; the m<»Edante most oommonly used being 
alum, copperas, and oxide of iron. 

251. The arawHUio propertiee ef fkaiU are chiefly contained 
in the bark, but they are also sometimes found in the seeds. 
The most remarkable are quinine, which is the inner bark of 
a tree neariy aUiusd to the coffse ; the bark of several kinds of 
majgnolia ; cinnamon, which is the inner rind^f a tree neariy 
fdlied to iJie sweet bay ; and sassafras chips, 'fi^^^.'^^ obtainc^ 
from another tree belcmging to the same genfis*. Aromatic 
qualities are also contained m the seeds of cairaway, pe^er, 
mustard, co£Pee, and numerous oth«r plants. 
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252. Mudlagijums matters ore produced by Tarions kinds of 
mallow, and are ^nployed in medicine as amnlcoitB in congls^ 
hoaisenesBy &c. Other vegetable products are nsed for the 
same purpose, such as the juice of the liquorice plant. 

253. The OMtringent and drtuUe propertiety which render 
vegetable pr^Nirations so vahiable in the pharmacopoeia of the 
apothecary, are possessed by many plants. The leaves of the 
tea-plant, tiie galls of the oak, the leaves of the brambleborry, 
and the hudra of the walnut, are astring»its. The aloe, co^ 
cynth (which is the pulp of a small gourd called the bitter 
apple), and jal^, which is obtained &om a kind of convolvuhts 
found at Xahi^ta, in Mexico, are possessed of purgative or 
drastic properties. Gkimboge, and other v^etable products, 
are used as drastic medidnea^ the forma* being poasmous when 
taken in excess. 

254. Acid propertU* are found in many vegetables, and are 
frequently so intense as to be poisonous — as, for exam^e, 
oxalic acid, which is obtained finm the wood-eorrel, and ^ussic 
acid, which is extracted fmrn bitter almcmds, the kernds of 
peaches, and other allied fruits, and from the leaves of the 
cherry, laurel, &c. The most abundant and useful acids are 
the citric, which is found in the orange and lemon tribe, and 
is used in food as well as in the manumcture of morocco ; the 
mallic, obtained from apples and pears, and is that which 
gives ihe acidulous flavour to cider and perry ; and the galOc, 
derived from the galls of the oak, and vused both as an astrin- 
gent, in dyeing bl^k, and in makmg ink. Besides these, there 
are tartaric acid, found free in certain fruits, but principally 
obtained from the crust deposited cm the inside of wine casks, 
in which it exists in combination with potash, forming cream 
of tartar ; and pyroligneous acid, obtained from the wood of 
tiie flr-tribe by distillation. Both of these acids are used by 
the dyer and calico printer ; and the latter, which resembl» 
strong vin^ar with a tarry flavour, is also extmsively used as 
an antiseptic Creosote, well known in medicine, is obtained 
from pyroligneous acid, by separating the tarry matter. 

255. €f &e aJkaline propertieg of v^etables may be men- 
tioned morphine and narcotine (already noticed), and quinine, 
which is extracted from cinchona. The salts of potash and 
soda are abundantly found in many plants, espeoally those 
growing near the sea ; and frt>m these, tiU lately, the soda of 
commerce was whoUy obtained. It is now derived from sea 
salt (muriate of soda) by a chemical process. 

256. Vegetable poisons are principally of two kinds — the 
acrid and stupifying. The poison of some of the ranunculuses 
is the former class ; that of the p<^py befoogs to the latter. 
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Of the secretions and excretions already mentioned, many are 
poisonous when taken in excess ; even the fames of some are 
productive of deleterious effects. 

267. The substances above enumerated are partly secretions 
Ottd partly excretions ; those heing regarded as excrementitious 
which are naturally exuded by the living vegetable. Of this 
kind are wax, several resins and gums, the caustic juice of the 
stinging nettle, and the clammy substances found on the leaf- 
buds of the chestnut, the calyx of the moss-rose, &c. The 
most remarkable of the excretions are those juices discharged 
by the roots, which appear either as acid, milky, mucilaginous, 
or saccharine products. 

258. Besides the proper secretions and excretions^ there are 
other products alike subservient to the purposes of the plant 
and to human economy. Of these the principal are the woody 
fibre of the flax, from which linen is made ; the down which 
surrounds the seeds of the ^ossypium, from which cotton is 
obtained ; the woody fibre of the hemp and the cocoa nut ; 
and the bark of the cork tree. 

259. Lastly, there are many adventitious substances found in 
plants, which are not the products of vital organisation. Lune, 
for instance, is found in the ashes of many plants in union 
with acids, and sometimes it is excreted in the form of a thin 
crust on their leaves. Silica also occurs in considerable quan- 
tities, especially in the stems of reeds and grasses ; it forms 
the glossy pellicle of the cane, and is sometimes found in the 
jointe of the bamboo, where it is deposited in a soft pasty mass, 
which ultimately hardens into pure semi-transparent silica. 
Besides these earths, there are various metallic oxides and 
Baits, and the well-known alkalies, potash and soda. 

260. The physiological uses of the products above enumerated 
are but imperfectly known. Many of- them — such as starch, 
gum, sugar, and the fixed oils — directly administer to the 
support of the younff plant and to the formation of new 
tissues ; while those which yield flavour and aroma seem to be 
connected vnth the preservation of plants, by protecting them 
from the depredations of insects and other animals. Others, 
again, such as silica and metallic oxides, give hardness and 
stability to the stems and branches ; some give elasticity and 
pliancy to the young shoots, thereby preventing them from 
being broken by winds ; and seveml administer to the dura- 
bility of the woody fibre, by their properties of resisting 
putrefaction. It is nevertheless true, tnat the purposes which 
many of the so-called secretions and excretions serve in the 
economy of vegetation are by no means evident. Physiologists 
are as yet but partially informed, satisfying themselves with 
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the gcncnl statcBMofty thai aU these prodocts are athflr Deccs* 
aaiy to the giowih, pfopagatkn, or p ma c i t at ion of the ^an^ 
or aze excreted to Tnamtahi it in a hMth j cooditian. 



METAMORPHOSES OF PLAKT8. 

261. The MOmnorpkoteg of Plant* foims one of the most 
inl eiea t iDg sectieiis of Vegetable Physiology. Technically, it 
is tenned Marfkoiegjf—4ibai ia, a considenUon of the cha^ea 
and transformations which Taiions parts of plants nndetgo^ 
either from natozal or artificial canaea. We know, fmr in- 
ftanee, that many plants are made to change their a^ 
and qoalitiea hy coltivatiQn; that by grafting, hy 
and so on, the gardoier can change the size, oolimr, 
qoalitieB of his mits and flowezB ; and thai anakgoos changea 
take place in a state of natore^ sndi as ibe cQnTeiBio& of 
leaTes into petals^ and kares and branehca into thosns and 
mines. It is also well known, that flowers become doohle by 
Aangfng their stamfns into petals; and it is from a know- 
ledge of these &ctB that botanists have asserted that all the 
^pendagea <tf the stem or ascending axis are modifications 
of a sii^b organ, and may be conaiaered oi leaoa adapted to 
a special purpo§u This dmirine, at first broached by lanncas^ 
and snb8eq[nently ezpoonded by the celebrated CSo^Uie, is now 
TeiY generally iid<^»ied. It is nsoal to treat of this sobject 
under two heada^ namely, regular metamrarphosiB^ or that 
connected with the s tru c tur e of all y^etahles ; and irregular 
metamorphooi^ or that idiieh infincDoes only a partiealar 
dasB of plantar or parts of those phmtfl^ and iriueh oocnr 1 
peculiar dfcnmstances. 



262. Begular metawtorpkome embraces those tzansformaticRis 
whidi are ^i^icalde to all Yo^etableB. It presumes that, if 
one oigan can be transformed mto Mwitfuap^ there is an idei^ 
tity in thdr origin and nature. I^ for example, kaves are 
sometimes conrerted into bracts, bracts into a calyx, and the 
calyx into a condla, then it is almost self-OTidoit that the 
coridla, calyx, and bracts, have the same origin as the leacfes. 
B^;ular metanunphoeis seeks fiir f^ts to establish this doc- 
trine:, namely, thit all the ^pcndages of a plant hare a 
common origin with the lea^ ttkd may therefore succeaBnrely 
assume the form and abearance of thi2t primary organ. 
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263. All the appendages of the stem are medications of leaves, 
transfonned to sabserve someri^>ecial purpose. The first protru* 
sioQ of the plumule from the embryo is leaf-like, subsequently 
true kaves are developed, and from a successiim of these are 
formed the stem. The branches of the stem take their origin 
from leaf-bu^, and are again clothed with branches and leaver 
by the same process as in the main stem. As a branch pro^ 
ceeds towards the point of fructification, the leaves assume 
the form of bracts, these again are succeeded by the leaf-like 
sepals of the calyx, and next by the petals of the coirolla. 
Withm the petals are the stam^is, which scnnetimes assume 
a lei^y form, next the pistil, and intimately the seed-vesselsL 
Even the seeds are but leaves in another form, embalmed 
and preserved, as it were, hr the r^roductkm of another 
plant ; and in many, such as the beech-mast, the leaflets oi 
the embryo may lie dktinctly seen, folded and imbedded in 
their future nutrimaEit. Thus, the growth and reproduction 
of plants may be regarded as a circle of leaf-like changes, the 
leaf, or some modification of it, being in all cases the oigau 
which administers to the fnnetiona of vitality. 

264. In stipules and bracts^ the kafy origin m abundantly 
evident. The fimner are more or less developed in all plantia^ 
and may be c<Hisidered as rudimentary leaves, or parts of the 
lea£ firacts, again, are always intermediate betwe^ true 
leaves and the calyx, forming the boundary between the 
period of growth and that of fructification. In some roses^ 
lor example, the bracts are exactly similar to the leaves^ while 
m the tulip, they frequently parUke both of the colour and 
texture of the sepals. Bracto, like true leaves^ have bud» 
in their axills, as may be seen in the rose and common daisy. 
Bracts also mark the transiticm from growth to inflorescence, 
by their mode of arrangement. Leaves may be alternate or 
whorled on the stem, while the floral appendages are alwaya 
whorled or verticillate : the bracts generally represent the 
transition to this whorled arrangement. 

266. That there is no essential difference between the sepals 
qf the calyio and the petals of the corolla, is evident from the 
sepals being frequentlv coloured, and fcHmding the most beau* 
tiriil portion of the blossom. In the monkshood, the blue 
part which forms the flower is botanic^y the calyx, the 
petals being entirely concealed under the hood. In the fuschi% 
the bright scarlet part is the calyx, and the small purple 
petals within, the corolla ; while in the tulip and crocus, the 
sepals and petals are all coloured alike, so that it would be 
impossible to distinguish one from the other, did not the sepals 
grow a little lower on the stem. In many plants, the petals 
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and sepak an Mtfnfintl in et^oor, textme, and odour; and 
irhen the poianth is single, thej'seem to be eombined. 

2€6. In iike mummer Utere u mo f k fn Q i g gicmi ^agenmee 
ftcfa e ee a ihe petah amd ieavet. Both hare a fiamework of 
Tons, the intosdces of which are filled nn with cdhilar 
tissue, and both hare an epidennis fnmidied with H^™*Mi 
Tlie absolute change of leares into finals, and thence into 
petals, may be occasionally seen in the tnlm, the bracts ar 
nocal leaTCS of iHiich are sometinies partially coloaied, like 
the inoper petals of the flower. 

267. 7%e eomstrmetiom amd ammgemumt tf Ae iimmemt pnmt 
to ike same leafy arigim as the condla and calyx. Hie irfamms 
which fimn the thud whori, or aeries of fructification^ have . 
occasiiHially their filaments dilatfd and leaf-likes, as in tha 
white wato'-lfly and barbeny. In many cases — endt as tha 
dooble roses, anemones, and rammcnlnaes — a tiansitinn m 
obsorable finnn the onto- petals of the condla to the trae 
stamens; the petals gradnaOy becoming smaller, and iilti- 
matdy assoming the colour aiMl fism of stamens. 

2C8. The ^epSu, petals, amd stamiema, alw^ft co rrt sp a md ts 
ufoaber. For example, if there be fire petals, there will be 
fire sepals, either separate, or sightly adhenng togethei^ and 
geneFaJly the same nombo' of stamois. Sometunes, howeTcr, 
the stamens are more nnmevons ; hot they always consist of 
some mnltqile of ibe onginal number of petals^-as, for in- 
stance, when there are fire petals, there will be fire, ten, or 
twenty ftamftw, Htc, three, m six, aate the most mmmo tt 
number for petals ; four is reiy rare ; and seven has never yet 
been met with. 

SG9. The fimrik aeries, or eameemtrie wkorl i^ frwUfiemiiam^ 
is the discus, which is so frequoitly absent, and of so obacnre 
a nature when present, that few morplMdogists take it into 
their consideration. Dr lindley seems inclined to regard it as 
a modification of the stamens, and consequently partaking of 
the nature of that fundamental oigan, the leaL ^ M. Duval," 
says he, ''hasnoticed half the disk of a ciatns bearing stamens; 
anid a variety of instances may be adduced, ai an insensible 
gradation &oin the stamens to the most mdimentaiy state of 
this oi^gan." 

270. I%e pistil amd ocary, which finm the last of this con- 
centric series, seem formed in ihtt same way by the meta- 
morphosis and union of leaves. Many jplstiis have a l*»«tt«»«*«i, 
or blade-like shape, and the stmna of some, such as the iiis^ 
is leafy (see ^z. €6). The leafy <Higin of the ovary is still 
more pero^tiUe — a follicle, fw example, beii^ evidently 
composed of one or two leaves fi>Lded, and adhering at tlie 



itized by Google 



IRREGULAR METAMORPHOSIS. 115 

edges. The same may be said of other carpels ; and even a 
pome (fig. 70) may be regarded as several leaves metamor- 
phosed by an increase of cellular tissue, and united so as to 
form one continuous mass. The leafy origin of fleshy fruits 
is often very perceptible when newly formed, or when by 
some accident they are rendered abortive at this stage. 

271. What are called monstrosities in flower Sy furnish another 
evidence that the floral appendages are merely modifications 
of the leaf, or at least that the same structure is common to 
both. These monstrosities generally arise from some accidental 
circumstance operating, so as to change the flower-bud into a 
leaf-bud during the germination of the flower. Thus, if a 
plant be supplied with abundance of moisture and warmth, but 
with little sunlight, the growing point will be developed into 
a bud in the centre of the flower, and sometimes a second 
flower will be produced at the extremity. We also ^ow, 
that removing a wild plant into a garden has a tendency to 
make the flowers double ; because the richer soil affords so 
much nourishment, that enough of cellular tissue is produced 
to change the stamens into petals. 

272. Leaves and branches are frequently transformed into 
spines and thorns. Indeed, thorns are regarded as leaf-buds 
which have been rendered abortive by some accidental stop- 
page of the sap, which prevents the addition of cellular tissue 
sufficient to form perfect leaves. Branches, which also take 
their origin from leaf-buds, may be arrested at a ceiiiain stage 
of their growth, so as to form spines instead of perfect branches ; 
and such spines not unfrequently give birth to new leaf-buds 
and leaves, as may be seen in the common hedee-thom. 

273. Jn conclusion — "We see," says Dr Lindley, "that there 
is not only a continuous uninterrupted passage from the leaves 
to the bractesB, from bractese to calyx, from calyx to corolla, 
from corolla to stamens, and from stamens to pistillum — from 
which circumstance alone, the origin of all these organs might 
have been referred to the leaves— but there is also a continual 
tendency on the pai-t of every one of them to revert to the 
form of the leaf." 



IRREGULAR METAMORPHOSIS. 

274. Of irregular metamorphosis y or those changes which 

Sarts of plants, or classes of plants, may be made to assume^ 
ttle is absolutely known. In a state of nature, certain tribes 
are limited to certain localities, these situations being charac-. 
terised by some peculiarity of soil and atmospheric mfluence. 
If the conditions of soil and climate to which they are sub- 
H 
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je^ed remain the same, the chaxacter <^ plants is neaxly 
uniform or stationaiy ; and this may be always said of thera 
in their natural state. But if they be ronoyed from a poor to 
a rich soil, from a diy to a moist habitat, fnnn a warm to a 
e(dd climate, or vice versa^ then their internal stroctore irill 
l ynd ftTgft a change ; and this change will manifest itself in ods 
or other of their external chanbcters. In some dasses^ this 
<^iange is most evident in the roots and tabers ; in oth^s^ in 
the stems and leaves; while in many, the oigans of friKti- 
fication (the flowers and froit) are the parts most affected* 
Sometimes this diange of situation merely produces a mora 
luxuriant development <^ all the parts of a plant, withoi^ 
causing any abnormal growth of a particolar organ. Cnlti- 
yation, and other artificial treatment, may be consid^ed as 
the cause of these irr^;ular metamorphoses, which assume in 
some plants a wonderml degree of permanency, and majr bo 
transinitted to successive races; thou^ eenerally ytakjng;, 
if the artificial stimulus be not kept up, ^ants wm return to 
their normal or natural condition. 

275. The tinges which roots and tubers can be made to 
undergo are numerous, and highly beneficial to man. The 
potato, for example, is a native of tropical America ; and when 
found wild there, its tubers are smaD, and scarcely, if at all, 
edible ; while in Europe, it has been rendered by cultivaticm one 
of the most valuable articles of food. The produce of an acre 
of wild potato could be carried in a sin^e measure, while in 
l^ritain, the same extent will yield from forty to sixty bolls. 
Cultivation has also produced a thousand varieties of this tuber, 
▼arring in shape, size, colour, and quality : even in one year, 
a chaji^ of s^ will sometimes cause a difference, not <mly 
in quality, but in colour and appearance. . Beet, parsnip, and 
turnip, are also made to assume many varieties under judi> 
cious cultivation. The bulb of the latter, for instance, ha% 
since the beginning of the present century, been metamor- 
phosed into forms nom globular to fusiform, in colours from 
white and yellow to purple and green, and in weight frx>m 
a couple of ounces to tw^y pounds. So, also^ with the carrot, 
whicn in a wild state is a slender tapering fleshy root of a 
yellowish-white colour, but whidi by cultivation increases in 
aze, and assumes a im red or orange colour. In the one 
case, the root is not mucn thicker than a common quill, in 
the latter, it becomes as thick and long as a man's arm. Nor 
are we aware of any limit to such metamorphoses; more 
jmmerons and more gigantic varieties may yet be reared by 
si^erior cultivation. 

276b The stem is less subject to irregular mdamorfhoees than 
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e^^ia* ihe roots or tubers. It has been already stated (par. 
31), that if a tree which is a native of mountains be placed 
in a valley, it grows more rapidly, and its timber becomea 
■ofter and of less valne ; and, in liJce manner, if the tree of a 
valley be removed to a mountain, it becomes of slow growth 
and imiall dimensions, but produces timber remarkable for its 
toughness and durability. Grenerally speaking, stems in hilly 
r^;ion8 became short and hardy, in low and moist situations 
long and of softer texture, in open plains firm and coloured, 
and in shady recesses slender and delicate. By cultivation, 
tall stems are for the most part rendered short, and short ones 
taller — ^the dahlia^ for example, having been reduced to one- 
half of its natural height by gaiden culture. The cabbage, in 
its wild state, has a tough slender stem, which by culture has 
become fleshy and ^iform ; and so also of many other culi- 
nary plants. Sometimes the stems of cultivated plants assume 
a double or triple appearance, as if two, three, or more indi- 
viduals had been glued t(^ether. Stems in this state are said 
to be fasciated, or bundled, but are in reality single sterns^ 
and not a mere accidental adhesion of several individuals. 

277. Leaves are subject to innumerable metamorphoseSf aris- 
ing either &om culture, change of season, disease, or injury by 
insects. From a tiiin and toug^ condition, they will some- 
times become succulent, and roll inwards, forming what is 
called a hearty as in the common cabbage and lettuce. Iij 
others, the parenchyma and margin are produced in excesf 
at certain st%es of growth, so as to convert plain leaves into ' 
a puckered and irregular shape, as in the curled cress, curled 
savory, &c. Trees and shrubs with notched, lobed, and com- 
pound leaves (par. 103), will, by being trani^lanted to a rich 
soil and warm situation, become simple and entire ; even 
pectinate leaves, under similar treatment, will become fleshy, 
and fan-shaped ones lobed. Sudden changes of weather, such 
as foom excessively dry to wet, or the reverse, occasionally 
produces strange metamorphoses among leaves ; so likewise do 
the injuries received from the stings and larvs of insects. 

278. The metamorphoses which occur in the floral organs are 
also very £requent ; and on this feature depends all that variety 
and beauty which it is now so much the object of the florist to 
produce. These transformations consist in an increase of the 
petals, in a conversion of petals into stamens, and in some 
modification of the colour. What are called double flowers, 
are produced by a multiplication of the petals, as in the com- 
mon varieties of the rose ; and full flowers are those in which 
the multiplication is carried so far, as to obliterate the stamens 
and pistil. In a wild state, for example, the rose produces 
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but a single tow or verticil of petals^ surrouiidiiig a Tast nmn- 
ber of stamens ; but when dutivated, several rows of petals 
are formed at the expense of the stamens, which are propor- 
tionally diminished. ^ With rmrd to colour,** says Dr 
Lindlej, ^^ its infinite changes and metamorphoses in almost 
everj cultivated flower can be compared to nothing but ihe 
alterations caused in the plumage of birds, or the hairs c^ 
MnimAJg by dome8ticati<m. No cause has ever been aas^ned 
to these phenomena, nor has any attonpt been made to deter* 
mine the cause in phmts. We are, however, in poeseasioD 
of the knowledge of some of the hiws under whkh change of 
colour is effected. A blue flower will change to white or red, 
but not to bright yellow ; a bright yellow flower will become 
white or red, but never blue. Thus the hyacinth, of whidi 
the primitive colour is blue, produces abundance of white and 
red varieties, but nothing that can be compared to br^^ 
yellow, the yeUow hyacinths, as they are called, being a sort 
of pale yellow ochre verging to green. Again, the rammculus, 
iduch is originally of an intense yellow, sports into scarlet, 
red, purple, and idmost any colour but blue. White flowery 
which have a tendency to produce red, wOl nev^ ^ort to 
blue, although they will to yellow ; the roees, for example, 
and the crysanthemums." For further remarks on the sub- 
ject of colour in flowers, see par. 212-217- 

279. The diange$ which the fruit or seed undergoes are abo 
very numerous and obvious. Where, for instance, is th»e a 
native grain like wheat, or a native fhnt like the apple ! In 
a wild state, the seeds of our cereal grains (wheat, barley, 
oats, &c.) are thin and meagre ; by proper cultivation, they 
are rendered large, plump, and full <k fiirina, so as to become 
ihe most nnportant articles of human sustenance. Numerous 
varieties of these grains, each difierii^ in colour, flavour, dura- 
bility, &C., are now nused by cultivation ; so that, compared 
with their originals, thdr value is more than a thousandfold. 
The small globular sour crab apple of our hedges is the 
original of tne numberless varieties of apple now cultivated 
by gardeners, each variety differing somewhat in raze, shape^ 
colour, and flavour. So ^so with &e sloe, which is the parent 
of our purple, yellow, and white plums; with the wild 
cherry, and almost every q>ecie8 of our cultivated fruits and 
seeds. Besides the dumges which are steadily effected by 
cultivation, there are frequent sports in the frioit, as in the 
blossom or flower. In the orange, a second fruit is sometimes 
produced inside the outer, agreeing in all respects with the outer 
firuit ; and in the apple and cherry, double and triple fruits^ 
analogous to &sciated stems, are frequently to be met with. 
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280. The hybridism of plants is closely allied to the subject 
of morphology, and is in fact a transiormation of character 
produced by artificial means. As among animals two distinct 
species of the same genus will produce an intermediate off- 
spring— rsuch as the muley which is the offspring of the horse 
and ass — so among vegetables two species belonging to the 
same genus can be made to produce a hybrid ; that is, a new 
plant possessed of characters intermediate between its parents. 
This power of hybridising is more prevalent among vegetables 
than animals ; for the different species of almost every genus 
of plants are capable of producing this effect, if the pollen of 
one species be put upon the stigma of another. This union, 
however, can only take place between nearly allied species, 
occurs rarely among plants in a wild state, but is quite com- 
mon among cultivated species. According to modem botanists, 
the character of the female parent predominates in the flowers 
and organs of fructification of the hybrid, while its foliage 
and general constitution are those of the male parent. 

281. Hybrids have not the power of perpetuating their kind 
like naturally distinct species. Mule animals, for instance, are 
uniformly incapable of procreation, unless with one of their 
parent species ; so also with vegetable hybrids, which, though 
occasionally fertile in the second and third generations, have 
never been known to continue so beyond the foui*th. If im- 
pregnated with the pollen of one of its parent species, a hybrid 
plant will give rise to a new hybrid, partaking more of the 
character of the original parent ; and if this process be con^ 
tinned for two or three generations, the hybrid will ultimately 
return to the pure species. Thus, though hybrids are incap- 
able of propagating themselves beyond a very limited period, 
the pollen of the parent species may be made to fertilise them, 
or tneir pollen to fertilise the parent ; but in either case the 
new offspring gradually merges into the original species. Thus 
nature has wisely set a limit to the intermingling of species,, 
by wliich they are preserved from ultimately running into 
confusion and disorder. The cause of sterility in hybrids ia 
unknown ; for, in general, there is no perceptible difference 
between the perfection and healthiness of their organs and 
those of the parent species. 

282. In an economical point of vi-cw, hybridism is of great 
yaXue to man. By a knowledge of its pi-inciples, he has been 
enabled to modify the characters of natural species, so as to 
adapt them, to his special purposes, and thus have arisen most 
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of those beantifidl sorts and yarieties of blossom which now 
adorn the flower-garden. So, also, by crossing yarieties of the 
same species, onr grains, fraits, and kitchen yegetables haye 
been brought to a high state of perfection. The size of cme 
spedes has been aasidnonal j amiugamated with the dnrability 
of another, the beaotyof a third ^^th the flayoor or odour of a 
^nirth, and so on with other qualities, till we haye now many as 
perfect y^etables as it seems possible to produce. The prior- 
ciples of hybridism will yet be more extensiyely aj^lied ; and 
it is not too mnch to expect that the perfection of oor Add and 
forest produce will yet riyal that of our orchards and gartan. 



GEOGRA^OICAL DISTRIBUTION OP PLAHTS. 

283. Tke geographical diHributian of piarUs is influoiced by 
conditions of soil, heat, moisture, light, altitude of situation, 
and yarious other causes ; for, did they flourish independently 
of these condituma, then there were no reason why the yegela- 
tion of one part of the globe should differ from that of another. 
We know, howeyer, that the flowers, dirubs, and trees whidi 
adorn the plmns of India are not the same with those which 
clothe the yalleys of Britsun ; and that these, again, are totally 
difierent from the scanty y^etation of Iceluid or ^itzbergen. 
Each order is^ neyertheless, perfectly adapted to the conditiims 
under which it exists, and &ids in its luibUaty or natiye situa- 
tion^ ail the elements ipdiich administer to its growth and pa<- 
fection. A knowledge of these c(mditiona, and of the yarious 
y^;etable tribes wh£h flourish under liiem, constitutes the 
subject of botanical geography. 

284. Tke influence of sok, eUmate, 6^, upon vegetable Ufe is 
yery obyious ; but the manner in which it operates is but im- 
p^ectly known. The same elements enter into the composi- 
tion of the y^netation of the tropics as those which fenn the 
yegetation of temperate regions ; the same organs, tissues, modes 
of growth, and iimorescence, are obeeryable ; and yet, without 
the external conditions aboye oiumasted, a plant which has 
been transferred from the <me region to the other will speedily 
languish and die. £yen one which flourishes under the in- 
fluence of tiie sea-breeze, if remoyed fer inland, will poish ; 
and no art can retain in healtiiy perfection a natiye of the 
mountain which has been transplanted to the warm and humid 
yalley. 

285. Certain pianU, Wee ammaUy mag, howecer, he aecUma- 
tited; that is, may be made to grow and propagate their kind 
in a region in which they do not naturally occur. Many of 
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our cnltiTftted aaid most usefdl plants aro of this kind ; as, for 
example, the potato. This plant, which is a native of tropical 
America, flourishes luxuriously, and ia of the hifi^hest utility, 
in northern Europe ; hut this it does hj a special adaptation. 
In South America, the warm climate enahles it to propafi^ate 
bj the seed ; hence in that region its tubers are small and in- 
fiignificant ; but in Europe, where the climate is unfavourable 
to the production of the plant from seed, it propagates by the 
tubers, which are consequently enlarged, so as to contain a store 
of nutriment for the youne plant before its stem and leaves be 
sufficiently developed. The acclimatising of plants does not 
permanently change their character, for, in being restored to 
their native habitets, they assume their origiiud forms and 
qualities. 

286. The habitats of plants — ^that is, the situations in which 
they naturally thrive best — depend upon the conditions of soil, 
climate, &c., abneady alluded to, and are generally distin- 
guished as follows : — Marine when the plants float upon or 
are immersed in salt-water, such as sea- weeds ; and maritime 
when they grow by the sea-shore, or in places exposed to the 
influence of the sea-breeze. Aquatic is the general term for fresh 
water habitats ; and these may be either lacustrine when grow- 
ing in lakes, fluviatile when in rivers, or palustrine when in 
marshes or wet meadow-lands. Plants growing in open pas- 
tures are said to be pratensine^ in cultivated lands arvensine^ in 
woods sylvan^ in mountainous parts alpine^ and in caves, mines, 
«nd other under^und excavations, subterranean. The station 
of a plant is said to be epiphyte when it grows upon others, 
living or dead, without dmving from them the elements of 
nutrition ; and parasitic when it adheres to their surface, and 
directly extracts its nourishment. 

287. The range of habitat is that extent of the earth*s surface 
over which a plant is distributed by nature. The terms mari- 
time and alpine, for example, are general in their application, 
and refer to all plants which grow by the sea-side or on moun- 
tains ; but the plants which flourish on the searshores of 
Great Britain are not the same with those on the coast of 
Africa ; nor are these, again, allied to the maritime vegetation 
of Chili. The geographical range of any plant convejrs a more 

rific idea, and embraces only that particular spot in which 
plant rejoices.* This range is circumscribed by conditions 
of temperature, light, and elevation above the sea, and does 
not, as might be supposed, depend very closely upon belts of 
longitude, by which temperature is generally indicated. Thus, 
nearly all the beautiful pelargoniums and mesembryanthe- 
muins which adorn our greenhouses are natives of a limited 
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fl^iace near the Cape <^ Good Hope, as are abo many of our 
mo6t beantifal bulbs. The cmioiia stepeliasy that smell 8» 
much like canicMi, are found wild onlj in South A£rica. The 
different kinds of eucalyptus and epcris are cmly found in 
Australia ; and the trees bearing balsam grow fHincinallj in 
Arabia, and on the banks of the Bed Sea. The umbdlifeoiis 
and cruciferous plants spread across Europe and Asia; the 
cacti are found in tropical Amoica ; and the labiatie and cario-^ 
phyllaoes are seldom disooyered but in Europe. The peculiar 
ranges and centres of v^etation, as they are termed, cannot 
be well understood without a knowledge of the different tribea 
and classes of plants, the consideration of which forms the 
subject of Systematic Botaht. 

2^. The wU exereiset legs influence on the dUtributi&n cf 
plants than is usually ascribed to it, though there can be no 
doubt that on its power <^ absotbing and retaining heat and 
moisture much of the luxurious growth of y^etables depends. 
They will grow to some d^ree in almost any soil, as the 
bulkier ingiedients (clay, lime, and sand) always predominate 
(par. 23) ; but a proper proportion of these earths is necessary 
to perfect vegetation; and many plants will not continue 
healthy and propagate, unless supplied with other elements, 
such as potash, soda, and various metallic salts. For this rea- 
son the natural vegetation of a limestone country differs ham 
that of a retentive clay ; while the plants wluch cover all 
sandy downs are totally difierrat in kmd and character fiom 
those of the alluvial valley. For this reason, also, it is thai 
some soils become exhausted of the elements necessary to the 
perfect growth of a certain race of plants, and that these plants 
are succeeded by a new tribe, which still find in the soil all the 
constituents of their growth and perfection (par. 25, 26). 

289. MaUturey which is indispensable to the existence of 
v^etation, also exercises some influence in its natural distri- 
bution. The plant which roots in the parched sand is fur- 
nished with leaf-organs to abeoib moistore from the atnM>- 
q>here, and retain it, while in a wet situation these organs 
would become diseased, and rot away ; so, in like manner, a 
marsh plant, whose spongioles are its main oigans of suste- 
nance, would perish were it removed to an arid soiL The 
organic structure of such plants forms a limit to their distri* 
bution ; and the same may be said of the salicomic, aroiaria 
peploides, &c., which live only when exposed to the salt spnj 
of the ocean. 

290. Heat and light are periiajps the most manifest agents in 
the distribution of vegetable life. The luxurious growth of 
the tropical jungle is the direct result of warmth and moisture 
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just as the barrenness of Nova Zembla is the effect of piercing 
cold ; yet both situations are inhabited by plants which enjoy 
the conditions peculiar to their existence. No conditions of 
mere soil, or light, or moisture, could make the palms, tree- 
ferns, and jnngle-fiowers of India flourish in great Britain ; bo 
neither would our oaks or pines flourish in Iceland, imless we 
could provide for them that temperature and seasonal influence 
necessary to theh* healthy existence. Light, though it acts most 
powerfully on the colours and blossoms of plants, is also an 
essential element in their geographical arrangement. The 
southern slopes of our hills and mountain ranges are always 
clothed with a more elaborated and more fully developed 
race of plants than the northern slopes ; and this depends 
wholly upon the greater degree of light which the former 
enjoy. Tne northern side may sometimes be as green, but it 
never will be so flowery as the southern exposure ; and the 
attentive observer may detect new tribes on either side almost 
as soon as he has passed the summit. 

291. Altitude^ or elevation above the ordinary sea-level, also 
exerts an obvious influence on the distribution of vegetable 
life ; it is equivalent to removal from a tropical to a temperate 
region, or from temperate latitudes to the arctic circle. For 
every hundred feet of ascent, there is a proportional fall of the 
thermometer ; so that at the height of 5000 feet in Britain, 
and 16,000 at the equator, we arrive at the region of perpetual 
snow ; in other words, to heights as destitute of vegetation as 
the frozen zone. This intimate relation between altitude and 
decrease of temperature accounts for the fact, why the base of 
a mountain may be clothed with the vegetation of tropical 
India, the sides with that of temperate England, and the sum- 
mit with the mosses and lichens of icy Labrador. Many moun- 
tains exhibit such belts of vegetation ; the most familiar 
instances being Mount iBtna, Teneriffe, and the Andes. 

292. The circumstances which facilitate the dispersion or 
migration of plants are unconnected with the causes which 
limit their geographical distribution. Many seeds drop from 
the parent stalk, spring up into new series of stems, wliich in 
turn give birth to another race of seeds, and these, again, to 
another circle of vegetation. Thus, any tribe of plants would 
spread from a common centre till arrested by the influences 
which limit its range of habitation ; and this mode of dis- 
persion no doubt occasionally occurs. In most plants, how- 
ever, the seeds are small and light, and easily borne about by 
the winds ; some are downy, and furnished with wings ; others 
have tufts and filaments ; and many are ejected from their 
carpels with considerable force. All these appendages and 
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pecoliazities are evident]^ intended to fairilifaite their di^per- 
sioQ, wliich is fdrther aaaisted by nrers, lakes, and tidal cnr- 
rents, bj the wool of anlmabi, the droppii^ of birds, and ihe 
economseal pursuits of man, Aether aoddoital or intfmtional^ 
The seeds are arrested in their {nomsaon bj Tarions causes : 
some are famished with baihs and hooks, whidi laj hold of 
objects^ others become oitangled amid herbage, the mnd <si 
-nrexBf w the softened soil of winter, ^H^iile manj to w a rd s 
spring are acted npon so as to onit an adhesiye sobstance, 
er tl^ flfldij peneaips mdit down into the scmI, carrying the 
embijo along with them. In aD, the ^pendages ¥4uch aid 
their miration begin to deca j at the proper season, and so are 
unfitted an J In^er to trsnsport them. 

293. BaUtmeal ^ett^n^pfty is thns both an interesting and in- 
tricate soblect. To enter fnlly iq>on the infinences of tern- 
perstore, altitade, &c. wonld require a pretty extensire know- 
kdge oi physical geography; and eyen then, withoot an 
acquaintance with the Tarions <*l<t«B<y of plants, the ^>ecial 
effect of these infinences could be but imperfectly understood. 
A genersl idea of the subject, howerer, has been gnren in the 
present section, from which the student will peroeire thai 
eyery plant is perfectly adapted to the atuation it is created to 
fill ; and that there is no porti<m of the globe — the r^;ion8 of 
peipetual snow and the moying sands of the desert scarce^ 
exc^kted — ^idiich does not administer to the growth of scnne 
plant, which has not some fi)nn of yi^etation to adcnn its 
aurfMe. 
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PARA. 

Abropfly-Piimate, ... 106 
Absorption by YogetaUes, 71, 117 

AocUmatiaed, .... 285 
Acetous Fermentation, . -. S37 

Acbenium, 168 

Acid, Carbonic, Absorptioa of, 10 

Acids, Vegetable, . . 10,264 

AootyledonouB, without cotyledons, 160 
Acrogenous Stem, ... 86 
Acuminate, taper-pointed, . 107 

Adnate Anthers, ... 168 
Adrentitions Substances, . . 260 
iBstiration of Flowers, . . 141 
Air, Efifects of, .... 20 
Al«, or wings, ... 160 

Albumen, Vegetable, . 116, 160, 163 
Alburnum, or Sap-wood, . . 80 
A]g», sea-weeds, . . 3, 193 

Alkalis, Vegetable, ... 266 
Alkalis, in sofl, .... 24 
Alkalis, in plants, ... 260 
Alkanet, a dye, .... 250 
Alpine Plants, ... 286 

Alternate, 93 

Attitude, Effects of, on Plants, 291 
Alumina, in soil, .... 23 
Ammitum, or Gatldn, . . 143 
Ammonia, . . 8, 116 
Anfa^ft>« and Plants, oon^iared, 7 
Annuals, plants of one year's dura- 
tion, 29 

Anther of Stamen, . . .163 
Apetalous, without petals, . 146 
Apex of Leaf, . . . .106 



Aphyllous, without 


leavw. 


193 


Apophysis, . . 


, 


. 189 


Apothecia, 


, , 


192 


Appendages, Floral, 


, , 


152,166 


Aquatic Plants, . 


, , 


. 286 


Archil, a dye, . 




260 


Armed Leaves, 




. 106 


Axomatics, 


, , 


251 


Amatto, a dye. 


, 


. 260 


Amndne Plants, 


• • 


$m 



Asci, .... 

Ascidium, or Pitcher, 

Assimilation, Vegetable, 

Astringents, 

Axil of Leaf, 

Axis, growing point. 

Axillary, . 



PARA. 

. 192 

111,203 

6, 10, 118 

263 

90,161 

. 90 

142 



Balsams, 

Barbs, 

Bark, Inner and Outer, 

Bearded, . 

Benzoin, a gum, . 

Berry, 



243,245 

51 

. 81 

61 

. 945 

168 



Bidentate 106 

Biennials, plants of two years* 
duration, .... 19 

Bifoliate 105 

Bigeminate, .... 105 

Bipinnate, 105 

Bitemate, .... 105 

Bituminous Fermentation, . . 237 
Blade Leaf, .... 96 

Blanching, 21 

Bloom on Leaves, . . 106,240 
Bractea, or Bracts, . .139,264 
Bractioles, .... 130 

Branching-Root, . . 66,09 

Breaking of Flowers, . .213 



Budding, 
Bulb, 



Calcarate, spur-shaped, . 
Calyptra, a hood, 
Calyx, or FlowcT'Cnp, 
Cambimn, .... 
Campanulate, beUHSihaped, . 
Camphor, . . . . 

Caoutchouc, or Indian Rubber, 

Ciqisule, 

Carbon in Plants, 
Carbon, Fixation of, 
Carbonic Acid, Absocptioil of, 
Oarina, or Keel, , • 



128, 



180 
94 

149 
189 
,146 
,145 
160 
942 

166 
8 
125 
10 
IfiO 
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PARA. 
101 

. 237 



104 



Feather-Nerved, 

Fermentation, Kinds of. 

Fibrils, fibres of the root, . 

Filament of Stamen, . 

Filiccs, or Ferns, 

Fixed Oils, . 

Flabellate, fan-shaped, . 

Flax, .... 

Flora's Time-Piece, . 

Flower-Buds, 

Flowers, Metamorphoses of. 

Flowers, Colomrs of, 

Flowers, Double and Full, . 

Fluviatile Fhmts, 

Follicle, . ... 

Food of Plants, 

Foramen, 

Fraorancb, Cause op, . 

Franicinoense, .... 

Free-Central Placenta, 

Fronds, the leaves of flowerless 

plants, . . . . 96,184 
Fructification of Flowerlbss 

Plants, .... 183 

Fruit, . . . . . .156 

Fruit, Ripening of, ... 173 
Fruit, Metamorphoses of, . . S79 
Fungi, . . . . , . 194 

Funido, footstalk of seeds, . . 169 
Fusiform, or spindle shaped, . 69 
Fustic, a dye. 



198 

138 

278 

212,278 

. 278 

286 

. 158 

114, 116 

153,160 

. 219 

245 

153 



Galeate, helmet-shaped, 

Gamboge, 

Orography of Plants, 

Gxruination, 

Glabrous, smooth, . 

Gland, a fruit. 

Glands, organs of secretion, 

Glaucous, sea-green. 

Glume, 

Gluten, 

Granulated Root, . 

Growth, Season of, 

Gums, 

Gum-Resins, 

Gynophoro, 

Gyrate, coiled np, 

Habitats of Plants, . 
Habitats, Range of, 
Hairs, Lymphatic, . 
Hairs, Glandular, 
Hastate, spear-shaped, 
Hatohet-Shoped, . 
Head of Flowers, 
Heart-wood, . . 
Heat, Effects of. 
Heat Emitted by Plants, 
Henna- Juice, a dye, . 
Hwrbaceous Stems, 



. 250 

. 149 
245,253 



. 174 
60,108 
. 158 



. 106 

139 

8, 17, 116 



245 

243,245 

153 

92,144 



51 
. 63 

104 
. 104 

143 
. 80 
18,290 

230 
. 260 
77,86 



FAJUU 

Hflum, 160 

Hirsute, hairy, ... 61 

Honey, 170 

Honey-Comb Cells, ... 38 

Hybemaculum, .... 90 

Hybridism, .... 280 
Hybrids. Nature of, . .280,281 

Hybrids, Uses of, ... 283 

Hydrogen, 8 

Hypocratiform, salrer-shaped, 150 

Humus, decayed vegetable matter, 23 

Imbricate, like roof-tiles overlying 

each other, .... 92 

Impari-Pinnate, ... 105 

Incised (regularly cut) Leaves, 106 

Indehisoent, .... 157 

Indusium, or Covering, . . 184 

Indian Rubber, ... 247 

Indigo, a dye, .... 250 

Inflorescence, ' . . . . 143 

Infundibuliform, funnel-shaped, 160 

Innate, 168 

Inorganic Matter, . . 3, 24, 116 

Intercellular Passages, ... 39 

Intemodes of Stems, ... 83 

Interruptedly-Pinnate, . . 105 
Involucre, .... 139, 168 

Involute, 93 

Iron, in soils, .... 84 

Iron, in plants, .... 250 

Irritability of Plaitts, . 197 



Jalap, a purgative, 
Joints of Stems, 
Juice, Proper, 

Kernel, 



263 
88 
124 

168 



Labiate, lipped, .... 160 
Laciniated (irregularly cut) Leaves, 106 
Lactiferous Tissue, ... 44 
Lacustrine (lake) Plants, . . 286 

Lamina, 96 

Lanceolate, lance-shaped, . 104 
Latex, the descending sap, . . 46 
Laudamiun^ a narcotic, . . 845 

Leaf, 96 

Leaf-Buds, . . . . 90,278 
Leaf, Fall of, . . . .131 
Leaves, Simple and Compound, 104, 105 
Leaves, Senun^, . . . .167 
Leaves, Metamorphoses of, . 877 
Legume, or Pod, .... 168 
Liber, or Inner Bark, . .81,184 

Lichens. 193 

Light, Effects of, . . 10,21,890 
Ligneous (woody) Stems, . 30, 77 

Lignine, 179 

Ligulate, strap-shaped, . . 104 
Lilaoeous, resembling the lily, . 160 
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MttHvcides, 
. 23; Haft, 






IM OueCyOr Boote, 

IM Odom, Kinds of, . 

23i,Odoiin,UaMaf, 

23i Oik, Fixed and Eaaential, 

104 OLBAonrom PnocrcTS, . 




Oisaoie Matter, .3,115 

OmoAxs, SuflPLS or Ei.BMurTA»T, Jl 
Obcaxs, CoMPorvo, 47 

Okcajts or Nuramov, €1, 113 

Omgams or KmrmbDvcnoM am9 

THKU Fcvcnovs, 130, 1J9 

Ovary, or Seed-TeaKi, 153, 239 

Orole«, iwiiri tiiiiM, . . . U8 
Oxygea, Imbibed ami. Kxhakd, t,lt 

Faiea, t3B 

Pklmate, like the patan of the hand, IM 
Palms, 



]fMtie,areain,. 
Medaila, or Pith, . 
Medidlaiy Bftja, . . . 

MCTAMOKTBOSBS OF PlAJITS, 

"' " " , Bcgolar, . 



JOerofihTle, 
Midrib, middles 



lofakaf. 



SO 
»1 
2S1 
274 
1J9 



Panicle, Mt 

Psja t ionaowms, Uitfailjjhjp ed, Ui 
F^pilkne,blisler3r, . . . Jf 

Bn>I»^ Mt 

PanaiticliHiwonanoaier, . am 

PvencfajmaoTtheLeaf, . SB, 1« 
PuieCal Placenta, .153 




Pedale, 

Ftodioeis, MB 

Padnnde, fkMt-stalk, ... MB 
BBTcnnials, plants of many jeanT 

Feriantii, or Horal Enrelaiie, . MB 
Pericarp, or Seed Enrelaiie, 156, m 



Petals, dhrSaana of aeooroOa* M7.2V 
Petiole, 96, lU 

FhaneroKamons, . . . W 
PmnroMBVA or Tsoktatiov, lf6 

. UI 

51 



XaDDSuDCL 

PSfli, . . . 
Pistil, DeacripCian of , 
PittedTiMQe, 
PttdMr-Shaped Leaves, 



JkrasofLenf, 

Kitiugieii, Use of, in TefeCatian, 



^IW klMj 



Ui 



Plaited Maifin, 
Plant, Defindtaon of , 
Plants, Food of , 
Rants, Longevity of. 
Plants, GompoMtaoa of , 



ia»s?B 



. 10 

1«6,M1 

7 

IM 

• 2^31 
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PARA. 

FIftnts, utility of , . . . .11 
Plicate, plaited, ... 92 
Flmnule, the ascending shoot in 

genninating seeds, . • 165 

Pcdsoned, Plants may be, . .26/ 
Pdlen, Fonnation of, . 163,171 



Pome, 
Potash, in soils, . 
Potash, in plants, 
l^ratensine (meadow) Plants, 

Ptickles 

Primine, .... 
Procmnbent, trailing, 
Plx)8trate, .... 
Pnbescenoe, or Down, 
Pyxis, Pyzidimn, 

Raceme, 

Rachis, central stalk of a flow«r. 

Radical, 

Raphe, .... 

Ri^hides, crystals in cells, 

Receptacle, . 

Receptacles of Secretion, 

Reniform, kidney-shaped, 

Repand, waved in the margin, 

Reproduction, Organs of, 

Rbbiks, 

Reticulated, like network, 

Retuse, .... 

Respiration of Plants, 

Revolute, 

Rhizoma, or Root-Stalk, 

Ringent, gaping, . 

Root, 

Root, Varieties of, 

Root, Functions of, . 

Root, Structure of, 

Roots, A«rial, . 

Roots, Metamorphoses of, 

Root-Plate, 

Rosaceous, rose-shaped. 

Rotate, wheel-shaped. 

Rotation of Crops, 

Ruminated, . . 

Runcinate, 

Runners, 

Running of Colours, . 



Saccharine Fermentation, 

SaflPron, a yeUow dye, 

Saggitate, arrow-shaped, 

Seman, ... 

Sand, in soil. 

Sap, Accumulation of. 

Sap, Motions of, . 

Sap of Plants, . 

Sapwood, 

Sarcocarp, 

Scales, .... 

SoalyBulb, 



158 
S4 



«7 
. 164 

87 
. 87 

51 
. 158 

143 

140 

109 

> 159 

37 

. 154 

39 

. 104 

106 

. 170 

3,044 

101 

, 104 

10 



88 
. 150 
16,68 
. 69 
64,71 
. 73 

73 
. 274 

94 

. 150 

160 

25,26 

. 163 

106 

. 87 

212 



. 237 

260 
. 104 

158 
. 23 

133 
. 132 

119 
80,129 



139 
94 



FABA. 

Scape. 86 

Scimitar-Shaped, ... 104 
Sclerogen, the oelhilar tiflBoe of 

■tone fruits, .... 44 
Scurf on Leaves, ... 5S 
Sbcrbtions of Plants, . • 232 
Seoundine, .... 164 

Sbss, 159 

Seed, Germination of, . . 17S 
Seed- Vessels, .... 16/ 

Segments, 147 

Seminal Leaves, . . 167, 177 
Sepals, divisions of the calyx, 147, 26S 

Septa, 153 

Septic Fermentation, . . .237 
Septicidal, .... 157 

Serrated, saw-toothed, . . .106 
Sessile, sitting close without a 

footstalk 96,140 

Seta, 189 

Shrubs 30 

Silex, or Silica, in soil, ... 23 
Silica, in plants, . . . 2S9 

Smque, 158 

Sfflide, 158 

SQver-Grain, .... 80 

Siauated, 106 

Sleep of Plants, . , . . 2tA 
Soda, in soils, . . . . SA 

Soda, in plants 2S9 

Sou, Use of, .... IS 
Soil, Composition of, . . .23 
Son, Influence of, ... 288 

Sort, 184 

Soridia, 198 

Spadix, 143 

Spathe lao 

Spathulate, shaped like • spatula, 104 

Spike, 143 

Spfaies, 69,262 

Spiral-Vessels 43 

g^ngiole, the spongy tip of the 

roots, 66 

Spontaneous Movements, . . 204 

Sporangium, 189 

Spores, Sporules, . . . 183 

Sporidia, 193 

Stamens, .... 152, 267 

Staminidea, 189 

Starch, 128 

Stellate, star-like, .... 51 
Stem, Underground, . . 70 

Stem, Ascending, .... 76 
Stem, Varieties of , . . . 77 
Stem, Metamorphoses of, . .276 
Stigma, Stigmata, ... 153 
Stipe, stalk of the ovary, . . 153 
Stipes, stems or stalks, . .83,96 
Stipules, .... 110,264 
StolonesoftheConch-OrasB, . 88 
Stomata, or Mouths, . . 49 
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